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LAY ABSTRACT 

When making a decision about interventions to reduce or remove an environmental 

exposure, evidence is needed to weigh the desirable and undesirable consequences of 

the decision. No research study is perfect. Most of the studies documenting 

environmental exposures cannot control for the fact that people who might be highly 

exposed may have different characteristics compared to those who have low levels of 

exposure other than just the exposure itself. For example, people exposed to more 

environmental air pollution living in inner cities may also be more likely to smoke or 

have occupational exposures that could predispose them to lung cancer than those 

exposed to lower levels of air pollution. Understanding limitations in studies that 

address those questions informs our certainty that the data represents the truth. The 

greater the confidence we have in the data, the more likely we are to be certain that 

removing or reducing exposure will lead to a desirable outcome. A tool can be used to 

walk people through the evaluation of limitations within each study. However, it is 

important that the tool evaluates the correct limitations within the study. It is also 

important that people using the tool can apply it reliably. Without a reliable or valid tool 

to evaluate the limitations of the studies, it can be difficult to inform decisions on 

whether or not to implement specific policies. 

In our study, we tested the ability of a new and well-developed tool (ROBINS for 

interventions) to identify the limitations in studies linking environmental exposures to 

health outcomes. Based on the findings from our evaluation, we modified our protocol 

to see if we could improve our ability to evaluate these studies of environmental 
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exposures. We asked people with an understanding of scientific methods to 

independently evaluate 35 studies with our modified tool (ROBINS for exposures). We 

compared those responses to see whether all the reviewers came up with similar 

decisions and if their decision was similar or different than the conclusion they made 

using more commonly used tools.   

Based on our results, we determined that our modified tool does provide a consistent 

evaluation of study limitations and accurately measures the limitations present in 

studies of exposure. This tool can be used to inform decisions about removing or 

reducing one’s exposure to environmental hazards.   



v 
 

ABSTRACT 

When using evidence from non-randomized studies (NRS) to answer questions about 

the effects of environmental exposures on health, it is important to assess risk of bias 

(RoB) of individual studies as part of determining the certainty in the body of evidence. 

The recently released RoB in Non-randomized Studies of Interventions (ROBINS-I) 

instrument has undergone careful development and piloting on NRS of health 

interventions. A key feature of ROBINS-I is evaluating the RoB of studies against an ideal 

target trial, therefore establishing a structured comparison of RoB against a reference 

standard. While several instruments exist to evaluate the RoB of NRS of exposure, none 

of them use such a structured comparison of RoB. Using the fundamental design of 

ROBINS-I, we explored development of a version of the instrument to evaluate RoB in 

studies of environmental exposure. We identified important modifications necessitating 

a distinct instrument: The RoB instrument for NRS of exposures.  

This work highlights the importance of standardized methods for environmental health 

decision making, proposes a modified instrument to evaluate the RoB of NRS of 

exposures, provides guidance for the implementation of the instrument and integration 

into structured evidence-synthesis frameworks (such as GRADE [Grading of 

Recommendations Assessment, Development and Evaluation]), and presents evidence 

on the reliability and validity of the instrument. The RoB instrument for NRS of 

exposures delivers a standardized instrument that systematic review authors and 

guideline developers can use to evaluate RoB in NRS of exposures. The nature of these 



vi 
 

methodological changes allow better integration of RoB assessment in the 

environmental health field with GRADE. 
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1. Advancing systematic-review and decision-making 

methods in environmental health  

“There is high demand in environmental and occupational health for using systematic 

review methodology and structured frameworks to evaluate and integrate evidence to 

support evidence-based and transparent decisions and recommendations” [1]. In 2016, I 

postulated that the release of a risk of bias (RoB) instrument that evaluated the RoB of 

non-randomized studies (NRS) against an ideal target trial could change the 

methodological approach when making decisions about environmental exposures. 

While gaining traction for use in the environmental health field, there was hesitation 

among environmental health researchers to use established decision-making 

frameworks, such as GRADE (Grading of Recommendations Assessment, Development 

and Evaluation). Some concerns stemmed from a lack of familiarity with the framework, 

limited exploration into the integration of current RoB instruments into GRADE, and 

discomfort from considering well-conducted NRS of exposure at ‘Low’ certainty of 

evidence (CoE) within GRADE due to bias resulting from prognostic imbalance and 

confounding. This instrument, the recently released RoB in NRS of Interventions 

(ROBINS-I), had undergone careful development and piloting on NRS of health 

interventions [2]. A key feature of ROBINS-I is establishing a structured comparison of 

RoB by evaluating the RoB of NRS studies against an ideal target trial as a reference for 

low risk of bias. Since the domains within ROBINS-I overlapped with concepts in other 

instruments commonly used to evaluate studies of environmental exposure, I expected 

that ROBINS-I could be applied to studies of exposures; however, I did not know if the 
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instrument could be applied verbatim or whether modifications might be needed to 

improve understanding.  

Indeed, adaptation of terminology for exposure studies may be desirable [3-7]. For 

example, in the ROBINS-I instrument, the term “intervention” is used to refer to 

“treatment” or “exposure” groups in NRS. “Exposure” in the case of the ROBINS-I 

instrument represents a voluntary medical intervention or treatment (i.e., prenatal folic 

acid supplementation), not an unintentional exposure to an environmental or 

occupational hazard. In addition, fundamental challenges with the evaluation of 

unintentional exposures includes limited information on the start and duration of the 

exposure, certainty in the measurement of the exposure, and distinction between 

different levels of exposure. For example, bisphenol A (BPA), a chemical commonly used 

to make polycarbonate plastics, is considered ubiquitous in the environment and 

widespread among humans. Therefore, studies evaluating the effect of BPA on health 

outcomes may be able to detect current levels of BPA in the body, but may not be able 

to determine when exposure to BPA started or address how the exposure of each 

individual differs over time. 

Multiple instruments have been used to assess the risk of bias, often called study quality 

or internal validity, in NRS [8, 9] and, due to a lack of clear advantages of one instrument 

over another, no single instrument is strongly recommended for use in systematic 

review [10]. This lack of guidance on what instrument to use is a key issue in 

environmental health, where NRS predominate. Rooney et al. examined risk of bias 

instruments and criteria used by five different organizations to evaluate RoB in NRS of 
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exposures: the Grading of Recommendations Assessment, Development, and Evaluation 

(GRADE) Working Group; the National Toxicology Program’s (NTP) Office of Health 

Assessment and Translation (OHAT); the UCSF Navigation Guide; the NTP’s Office of the 

Report on Carcinogens (ORoC); and the Integrated Risk Information System of the U.S. 

Environmental Protection Agency (EPA-IRIS) [11]. The authors identified many 

similarities between instruments at the domain and question level, such as tailoring of 

the instrument to the design of the study, and merging with GRADE’s suggestion to 

assess risk of bias on an outcome level was noted. Also, there appeared to a merging of 

ideas in the domains of assessment (e.g., participant selection, confounding, 

attrition/exclusion, exposure/intervention assessment, outcome assessment and 

selective reporting). However, the authors noted a few differences between the 

instruments, namely within the specific items used for risk of bias assessment, whether 

or not to reach overall study ratings, and the procedures for evaluation of risk of bias 

across studies in a systematic review. 

Suggesting a single instrument is not without challenges [11]. Surmountable barriers 

include ensuring a common understanding of terminology and definitions, evaluating 

study limitations or strengths that encompass more than one domain, and 

characterizing complex issues such as impact of confounding or quality of exposure 

assessment within a structured approach. In addition to these logical arguments, 

empirical evidence, e.g. about the reliability and validity of the instruments, that allows 

for comparing different instruments would support expressing a preference of one over 

another instrument. However, little evidence exists of reliability or validity testing for 
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any RoB instrument that addresses exposure studies. Systematic-review authors and 

guideline developers would benefit from such empirical data to establish the 

importance of individual domains or distinguish between the performance of 

instruments.  

RoB instruments play an important role in the evaluation of evidence to inform 

decisions. When using evidence from non-randomized studies (NRS) to answer 

questions about the effects of environmental exposures on health, it is important to 

assess RoB of individual studies as part of determining the certainty in the body of 

evidence. Using the fundamental design of ROBINS-I, I explored development of a 

version of the instrument to evaluate RoB in studies of environmental exposure. I 

identified important modifications necessitating a distinct instrument: The RoB 

instrument for NRS of exposures. Using the ideal target trial or target experiment to 

assess RoB with the RoB instrument for NRS of exposures has impact on how structured 

evidence synthesis frameworks, such as GRADE, will evaluate NRS.  

2. Harmonization of systematic-review and decision-

making methods 

Efforts are ongoing to harmonize methods, many of which have fed back into this 

research. As mentioned in our first publication, “[i]n 2014, several project groups were 

formed within the GRADE Working Group to focus on methods assessment needs that 

are directly applicable to environmental and occupational health, including project 

groups for environmental health, observational studies, public health, application of 



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

6 
 

GRADE to laboratory animal research, and non-randomized study risk of bias 

integration.” Methods advancements from those project groups include guidance for 

the application and integration of ROBINS-I within GRADE [12]; developments in 

preclinical animal intervention studies in the context of therapeutic interventions 

(animal group) [13]; instruments to facilitate the presentation of multiple evidence 

streams (i.e., human, animal, in vitro, and in silico) within GRADE’s official Guideline 

Development Tool software GRADEpro (www.gradepro.org); and considerations for the 

integration of randomized and non-randomized study designs within systematic reviews 

and guidelines [14, 15]. 

I prioritized research at the intersection of methods development and environmental-

health topic-specific expertise. During the pursuit of this project, I presented in multiple 

formats to members of the GRADE Working Group; attendees at international 

conferences, such as the Cochrane Collaboration, Guideline International Network 

Conference, and Environmental Protection Agency Workshop on Chemical Risk 

Assessment; and participants of the ROBINS for Exposure (ROBINS-E) work group. I 

solicited feedback and scenarios to enhance the accuracy and widen the applicability of 

our findings.  

3. Goals and scope 

This dissertation highlights the importance of standardized methods for environmental-

health decision making in four stages:  

http://www.gradepro.org/
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1) I recognize the state of the science of evidence assessment and decision making 

in environmental health; 

2) As a result of pilot testing and external feedback, I propose a modified 

instrument to evaluate the RoB of NRS of exposures: The RoB instrument for 

NRS of exposures; 

3) To complement the development of a novel instrument for evaluation of RoB of 

NRS of exposure, I provide detailed guidance and examples for the 

implementation of the RoB instrument for NRS of exposures; and 

4) To understand the reliability and validity of the RoB instrument for NRS of 

exposures, I conduct multiple analyses on the interrater reliability and inter-

instrument reliability when compared with other commonly used instruments in 

the environmental field.   

Our intention is to deliver a robust instrument that can guide systematic-review authors 

and guideline developers when evaluating RoB in NRS of exposure and integrating those 

results into a decision-making framework, such as GRADE. In addition, I aim to address 

some of the concerns expressed in the environmental-health community on use of 

GRADE by presenting an instrument that measures all studies of exposure along a 

standard comparison with RCTs.  

4. Thesis overview 

As mentioned previously, this dissertation is organized in four main research sections 

with a fifth section for concluding thoughts, pulling these themes back together at the 
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end of the document. Chapter 2 highlights the state of the research of systematic-

review and guideline-development methods for the environmental health field. I 

identify areas for advancement in environmental-health decision making, specifically 

when using the GRADE framework. Chapter 3 introduces our instrument to evaluate 

RoB in NRS: The RoB instrument for NRS of exposures. I present the results from piloting 

necessitating a distinct instrument for exposures, and the modifications made to 

ROBINS-I. Chapter 4 elaborates on the RoB instrument for NRS of exposures. I describe 

the process for using the RoB instrument for NRS of exposures within the GRADE 

framework. I intersperse the guidance with examples from the application of the RoB 

instrument for NRS of exposures and demonstrate the integration of the RoB instrument 

for NRS of exposures within the GRADE framework. Chapter 4 examines the robustness 

of the RoB instrument for NRS of exposures, calculating the interrater reliability and 

construct validity. I perform the same calculations on three other instruments 

commonly used to assess RoB within NRS of exposures and present comparisons across 

all four instruments. Within our concluding remarks, in Chapter 5, I reflect on our 

progress in this discipline since the publication of our second chapter. In addition, I 

present some challenges of the work and areas for continued advancement.   
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PREFACE TO CHAPTER 2 

Chapter 2. GRADE: Assessing the quality of evidence in environmental and occupational 

health was submitted to Environment International on 30 July 2015, submitted in 

revised form on 24 November 2015, and accepted for print on 10 January 2016. The 

final manuscript was available online on 27 January 2016. In this dissertation, we 

present the revised submitted version. 
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Abstract 

There is high demand in environmental health for adoption of a structured process that 

evaluates and integrates evidence while making decisions and recommendations 

transparent. The Grading of Recommendations Assessment, Development and 

Evaluation (GRADE) framework holds promise to address this demand. For over a 

decade, GRADE has been applied successfully to areas of clinical medicine, public health, 

and health policy, but experience with GRADE in environmental and occupational health 

is just beginning. Environmental and occupational health questions focus on 

understanding whether an exposure is a potential health hazard or risk, assessing the 

exposure to understand the extent and magnitude of risk, and exploring interventions 

to mitigate exposure or risk. Although GRADE offers many advantages, including its 

flexibility and methodological rigor, there are features of the different sources of 

evidence used in environmental and occupational health that will require further 

consideration to assess the need for method refinement. An issue that requires 

particular attention is the evaluation and integration of evidence from human, animal, 

in vitro, and in silico (computer modelling) studies when determining whether an 

environmental factor represents a potential health hazard or risk. Assessment of the 

hazard of exposures can produce analyses for use in the GRADE evidence-to-decision 

(EtD) framework to inform risk-management decisions about removing harmful 

exposures or mitigating risks. The EtD framework allows for grading the strength of the 

recommendations based on judgments of the certainty in the evidence (also known as 

quality of the evidence), as well as other factors that inform recommendations such as 



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

18 
 

social values and preferences, resource implications, and benefits. GRADE represents an 

untapped opportunity for environmental and occupational health to make evidence-

based recommendations in a systematic and transparent manner. The objectives of this 

article are to provide an overview of GRADE, discuss GRADE’s applicability to 

environmental health, and identify priority areas for method assessment and 

development. 

 

Keywords: GRADE; Evidence-based; Risk of Bias; Environmental Health; Risk Assessment; 

Recommendations 
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Highlights 

• A structured framework is needed for decision-making in environmental health. 

• GRADE has been applied in many disciplines and holds great promise for the field. 

• Methods development and assessment is needed to address environmental health 

data. 

• Methods assessment priorities are evaluation and integration of diverse evidence 

streams. 

• GRADE evidence-to-decision framework informs risk and other management 

decisions.  
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1 Introduction 

There is high demand in environmental and occupational health for using systematic 

review methodology and structured frameworks to evaluate and integrate evidence to 

support evidence-based and transparent decisions and recommendations [Agency for 

Toxic Substances and Disease Registry (ATSDR) 1, 2, 3, NRC 4, 5, EFSA 6, 7-16]. 

Environmental health, which includes occupational health, is a broad field in which data 

address all the physical, chemical, and biological factors external to a person, and all the 

related factors impacting behaviors [17]. Environmental health questions focus on 

understanding whether an exposure is a potential health hazard or risk using exposure 

assessments to recognize the extent and magnitude of exposure, and interventions to 

prevent or mitigate exposure or risk.  

The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) 

approach has the potential to improve transparency in addressing these questions in 

environmental health assessments. GRADE represents a rigorous, structured, and 

transparent process to inform decision-making beginning with well-defined questions, 

followed by an assessment of the certainty in the evidence (also called confidence in the 

effect or other estimates, or quality of the evidence) [18, 19], and leading to 

development of recommendations and decisions.  

GRADE is widely used internationally to address topics related to clinical medicine, 

public health, and health policy [19-22], including by programs within the U.S. Centers 

for Disease Control and Prevention (CDC), World Health Organization (WHO), the U.S. 

Agency for Healthcare Research and Quality (AHRQ), and National Institute for Health 
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and Clinical Excellence (NICE) in the United Kingdom and the National Health and 

Medical Research Council in Australia [23-27]. The Cochrane Collaboration, which 

prepares, maintains, and promotes the accessibility of systematic reviews, uses the 

GRADE system for reporting on the quality of evidence for outcomes in systematic 

reviews [28, 29]. Formed in 2000, the GRADE Working Group now includes over 500 

active members from 40 countries and serves as a think tank for advancing evidence-

based decision-making in multiple disciplines [18](see also 

http://www.gradeworkinggroup.org/).  

Advantages of using the GRADE approach have already been recognized by some within 

the environmental health field. The Navigation Guide proposed adapting GRADE for an 

environmental health context [7] and followed-up with a series of case studies to 

demonstrate the feasibility of applying GRADE to epidemiological and animal studies 

[11-13, 30]. In 2013, the National Toxicology Program’s (NTP) Office of Health 

Assessment and Translation (OHAT) at the National Institute of Environmental Health 

Sciences announced plans to use GRADE in its evaluations to assess the evidence for 

associations between environmental exposures and non-cancer health effects [NTP 31, 

32, NTP 33]. The SYstematic Review Center for Laboratory animal Experimentation 

(SYRCLE), is currently applying the GRADE approach to assess the quality of evidence 

from preclinical animal intervention studies [34]. GRADE has also been used in recent 

systematic reviews of epidemiological studies of shift work and breast cancer risk [35], 

shift work and cardiovascular disease [36], and adverse effects related to reduced 

indoor air quality related to household fuel use [37, 38]. GRADE, including its adoption 

http://www.gradeworkinggroup.org/
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by NTP/OHAT and the Navigation Guide, was specifically identified in the National 

Academy of Sciences’ National Research Council (NRC) review of the U.S. Environmental 

Protection Agency’s (EPA) Integrated Risk Information System as an approach that 

would increase the transparency of evaluating evidence [14]. Use of GRADE in 

environmental health is likely to grow as systematic reviews become more common in 

the field and the limitations of expert-based narrative review methods are increasingly 

recognized [4, 6, 8, 10, 39, 40]. 

An additional advantage of GRADE is the GRADE Working Group’s commitment to 

ongoing methods development and assessment of applicability to different areas of 

research. This is critical because experience with GRADE in the environmental health 

context is limited. Work to-date from the Navigation Guide, NTP, and WHO show the 

GRADE framework is sufficiently flexible to support use now [11-13, 33, 37, 41]; 

however, areas for further method assessment have been identified. In this respect, the 

GRADE Working Group serves as a vehicle to leverage transdisciplinary skills, knowledge, 

and resources to bridge the fields of clinical and environmental health. The objectives of 

this article are to provide an overview of the GRADE framework, discuss applicability of 

GRADE to environmental and occupational health, and identify priority areas for method 

development.  

2 GRADE Approach 

2.1 Formulating the Research Question 
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GRADE requires that decision-makers specify key-elements to formulate a relevant and 

focused question for decision-making (e.g., to inform clinical and public health 

guidelines, formulate scientific consensus statements, etc.) [39, 42]. The key elements 

are the components of the question that identify what information must be provided in 

a primary study to evaluate the intervention under assessment and hence answer the 

question [39]. For instance, for questions aimed at evaluating interventions, the key 

elements are the Population, Intervention, Comparator, and Outcome (PICO) [42, 43]. 

Both beneficial and harmful outcomes that the target population may experience as a 

result of the intervention should be considered. At present, GRADE focuses on 

answering decision-making (i.e., actionable) questions about interventions (including 

diagnostic tests and strategies), though the GRADE framework has been expanded to 

prognostic questions [44, 45]. 

2.2 Quality of the Evidence  

GRADE uses a structured framework to determine overall certainty in the evidence (CiE) 

for outcomes across a collection of research studies or body of evidence (Figure 1)[46]. 

The GRADE approach does not remove judgment from decision-making; however, the 

approach provides a framework of critical components to assess, guidance on the 

consideration of empirical evidence, and emphasizes transparency throughout the 

process. An initial evaluation of the CiE is conducted based on whether or not the 

research studies used randomized allocation. In the current GRADE approach, the CiE 

from randomized controlled trials (RCT) receives an initial rating of “high”, whereas the 

CiE from observational (i.e., non-randomized) studies starts at “low”. After this initial 
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evaluation of randomization, other aspects of risk of bias (RoB), i.e., internal validity, are 

assessed. GRADE does not recommend the use of a specific RoB tool, but suggests 

specific criteria that should be considered when assessing a body of randomized or non-

randomized studies that address risk of bias [47].  In addition to RoB, the certainty in a 

body of evidence can be rated down for inconsistency, indirectness, imprecision, or 

publication bias, or rated up for the magnitude of the effect, dose-response gradient, or 

direction and impact of residual plausible confounding. Different terminology may be 

used to describe these elements as long as the concepts are identical [46, 48]. Like RCTs, 

randomized experimental studies in animals would start as “high” and typically be 

downgraded for indirectness due to differences in the population [49]. The evidence is 

assessed and presented in an evidence summary table separately for each critical or 

important outcome and expressed using four levels of certainty ratings (i.e., “high”, 

“moderate”, “low”, or “very low”) [50, 51]. This table, called a GRADE Evidence Profile 

or Summary of Findings table, requires transparent descriptions of the reasons for rating 

down and rating up [37].  

2.3 Recommendations and the Evidence-to-Decision Framework  

In addition to assessing the CiE across outcomes, the GRADE EtD framework explicitly 

considers the balance of benefits and harms, values and preferences, resource 

implications, feasibility, equity, and acceptability to determine the strength of the 

recommendation (strong or weak), and the direction (for or against) to make a final 

recommendation or decision [52-54]. The elements of the framework’s structure 

transparently display the important criteria for deliberation (including relevant research 
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evidence, judgments from decision makers, and other considerations) to inform the 

balance about the desirable and undesirable consequences of the options or 

interventions considered. A judgment is needed for making decisions during all steps. 

However, the GRADE EtD framework provides a structure to maximize transparency and 

limit subjectivity throughout the process: in fact CiE is a key determinant for making a 

strong GRADE guidelines recommendation [55]. 

3 Considerations for Environmental Health 

3.1 Formulating the Research Question 

The GRADE approach has been utilized predominantly to answer questions on 

interventions in health care, like “what is the impact of an intervention (including 

diagnostic tests and strategies) compared with an alternative on patient or population 

important outcomes?” or “should intervention A or B be used for X?” In the context of 

decision-making in environmental health, the term intervention has somewhat different 

connotations. First, an intervention can be thought of as a specific environmental factor 

(i.e., exposure) that is being evaluated in human, animal, in vitro, or in silico studies as a 

risk factor or causative agent for an undesirable health outcome. In this scenario, the 

PICO question can be rephrased as a PECO question, where the term “Intervention” is 

replaced with “Exposure” [8, 33, 56]. The complexity of the exposure questions will vary, 

ranging from a single well-defined chemical to complex scenarios like wind farms, 

agricultural run-off, etc. To address the benefits and harms to humans from wind farms, 

PECO questions were developed to look at the exposure of physical emissions produced 

by wind farms or wind turbines (e.g., noise, infrasound, shadow flicker, and 
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electromagnetic radiation), as compared with no exposure to the physical emissions 

produced by wind farms or turbines [57]. Questions assessing exposures as risk factors 

or causative agents are used in risk assessments, which have several sub-questions [58, 

59]: 

• Hazard identification: What health problems are caused by the environmental 

factor? 

• Dose-response assessment: What are the health problems at different exposure 

levels? 

• Exposure assessment: What is the extent and nature of the exposure in the 

target population? 

• Risk characterization: What is the extra risk of health problems in the exposed 

population? 

Second, an environmental intervention question could be formulated to evaluate the 

impact of interventions that prevent or mitigate an exposure or risk. Environmental 

exposure-related interventions typically address chemical or physical agents in the 

environment, such as air, soil, water, or food, in a public or occupational setting, with 

the goal of trying to prevent, remove, or reduce exposure levels (e.g., reduction at 

source, improved ventilation, ingredient reformulation) through regulatory, technical, or 

behavioral interventions. Questions assessing the effects of an intervention to prevent 

or reduce exposure should be based on an established relationship between the 

exposure and health outcome(s). For example, since the relationship between noise 

exposure and noise-induced hearing loss has been established, showing that an 
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intervention reduces noise exposure is sufficient to also to conclude that the 

intervention decreases noise-induced hearing loss [60]. In studies of environmental 

health, such questions have the ability to compare the desirable consequences of 

reducing an exposure with potentially undesirable consequences of removing an 

exposure (e.g., costs, use of alternatives with unknown toxicity). While these types of 

questions are very similar to the clinical or public health intervention PICO questions 

GRADE was designed to assess, some challenges have been identified, such as how to 

assess complex interventions, use non-epidemiological evidence, and choosing 

outcomes and outcome measures [61]. Methodological research has continued to 

address concerns with applying GRADE to studies of interventions [42, 62]. 

3.2 Quality of the Evidence 

3.2.1 Human and Experimental Animal Data 

In environmental health, observational human studies and experimental animal studies 

(where animals are randomly assigned to treatment groups), and observational animal 

studies (i.e., “wildlife studies” or natural population-based studies) are often the highest 

quality evidence available to understand whether there is an association (or, if possible, 

cause-effect relationship) between an exposure and health outcome, as in the case of 

carcinogens [63]. The factors considered in GRADE when making and presenting 

judgments about the CiE (Figure 1) translate well to observational human and 

experimental animal studies, although harmonization of RoB tools and development of 

additional guidance on when rating down or rating up should be pursued. The WHO 

considered evidence from both non-randomized experimental and observational studies 
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to inform their Recommendations for Indoor Air Quality [37]. In the report, WHO 

assessed whether or not coal should be used as a household fuel. The decision to 

recommend against using unprocessed coal as a household fuel was informed by 1) the 

results from studies of cancer in humans and experimental animals; 2) systematic 

reviews of observational studies on particulate matter exposure and risk of lung cancer; 

and 3) population-level studies on the toxicity of coal and the impact of banning coal. 

While possible confounders of the different study types were recognized, they still 

provided the best available evidence to inform the recommendations. In addition, on-

going methods development for rating the risk of bias [11-13, 33, 37, 64, 65] includes 

searching for observational studies that might be considered equivalent to randomized 

trials for the initial assessment of the risk of bias (e.g., factors in study design and 

execution that mitigate the lack of randomization, such as steps taken to fully control or 

adjust for confounding).  Examples, however are currently lacking. 

3.2.2 Mechanistic Data 

In environmental health, human and experimental animal data are often interpreted in 

conjunction with evidence from mechanistic data supporting the biological plausibility 

of an association and/or to prioritize chemicals for additional testing or evaluation. The 

GRADE framework does not explicitly address mechanistic data, but they may be used 

to inform judgments about indirectness. There are an estimated 85,000 chemicals in 

commerce, the vast majority of which have not been tested for toxicity, even though in 

many cases the evidence available for a chemical will be mechanistic in nature [66, 67]. 

The lack of toxicity data for most environmental chemicals has led to major initiatives to 
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generate high throughput screening (HTS) data for chemicals. For example, the NTP’s 

Tox21 HTS program has generated data for ~10,000 chemicals on ~75 biochemical- and 

cell-based assays that cover a range of activities including overall cellular health 

(cytotoxicity and apoptosis induction, mitochondrial toxicity, DNA damage), 

perturbation of cell signaling pathways, inflammatory response induction, 

agonists/antagonists for 15 nuclear receptors, and drug metabolism [68].  The US EPA’s 

ToxCast HTS program currently has mechanistic data on 1860 chemicals tested in up to 

821 assay endpoints [69]; however, many chemicals are still untested.  Computer-

modeling approaches are also being pursued to predict potential hazard and likelihood 

of significant exposure. For mechanistic data, tools to rate RoB for in vitro and in silico 

studies need to be developed and their contribution to the stream of evidence for 

different outcomes should be determined because these data are expected to be used 

more widely for prioritizing chemicals of concern as well as replacing traditional data in 

regulatory assessments [10, 15]. When assessing the effects of wind farms on human 

health, both direct and indirect evidence was considered to address the PECO question 

[57]. When assessing the body of evidence across the outcome of shadow flicker, there 

was low quality direct evidence available; however, available indirect data suggested 

that shadow flicker can affect health by inducing seizures among persons prone to 

photosensitive epilepsy. The utility of the GRADE rating down and rating up factors also 

needs to be assessed, although the concepts should generally apply (e.g., magnitude of 

effect can be analogous to efficacy and potency in an in vitro system). Analyses to assess 

the predictive utility of mechanistic data are a high priority in toxicology, and results will 

inform indirectness ratings within the GRADE framework.   
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3.3 Evidence-to-Decision Frameworks 

Very little work has been done to use structured and transparent decision-making 

frameworks to guide the development of recommendations in environmental health. 

The WHO Recommendations for Indoor Air Quality applied the GRADE EtD framework to 

guide their final recommendations [37]. For their recommendation on household use of 

coal, in addition to the quality of evidence from studies on carcinogenicity of coal, risk of 

lung cancer, and population-level studies on toxicity, they also determined that the 

benefits of replacing unprocessed coal with cleaner alternatives clearly outweigh the 

harms of replacement, the values and preferences of replacing coal varied among 

stakeholders, and that there may be some limitations to the feasibility of implementing 

cleaner alternatives based on affordability and supply.  The GRADE EtD framework, 

which has the capacity to integrate consideration of the CiE of a health hazard with 

evidence of benefit associated with mitigating exposure, values, preferences, resource 

implications and other criteria, has great potential for enhancing the transparency of 

decision-making in environmental and occupational health. The strength of the 

recommendation may be apparent and actionable, or application of GRADE may reveal 

gaps in our knowledge, and thus help efficiently and effectively target the allocation of 

scarce research funds.  

The regulation of diesel is an example of an environmental topic that could be 

addressed with the GRADE EtD framework. Diesel engine exhaust is carcinogenic to 

humans and associated with increased hospital admissions, emergency room visits, 

asthma attacks, and premature death [70, 71]. At the same time, diesel engines have 
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desirable consequences of higher fuel efficiency, lower carbon dioxide emissions, heavy 

duty hauling capacity, and durability. For example, EPA rule-making for diesel standards 

included consideration of the composition of diesel, technological feasibility, costs of 

retrofitting or replacing, cost-benefit analyses that include quantifying human health 

impacts, overall economic impact and alternatives assessment. Moreover, the rule-

making applied to specific scenarios such as vehicles on highways, city streets, 

construction sites, and ports. These analyses have led to a number of emission 

standards for diesel fuel and diesel engines [72]. By 2030, EPA estimates that particulate 

matter and nitrous oxides will be reduced by 380,000 tons/year and 7 million tons/year, 

respectively. This will result in annual benefits of over $290 billion, at a cost of 

approximately $15 billion. The GRADE EtD framework could also be applied to 

alternative assessments that look for safer chemicals by identifying and evaluating the 

safety of alternative chemicals [73]. Although such assessments are often not 

regulatory, they are used to inform consumer choice and encourage industry to move to 

safer alternatives and can complement regulatory actions.   

The challenges of applying the GRADE EtD framework to environmental health topics 

are expected to be similar to clinical research, with most findings requiring a careful 

weighing of the health and other benefits or harms. A challenge specific to decision-

making for environmental health is that many regulatory agencies require a 

determination of an allowable level or threshold of an exposure or risk, while in other 

cases there is no allowable exposure (for example asbestos ban). In studies where there 

is not a clear desirable effect of the exposure, the balance may focus on how frequently 
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the undesirable effects occur. Research is also needed to increase understanding and 

acceptability of the format that desirable and undesirable consequences are presented 

in to end-users.  

4 Future Directions 

This paper provides an overview of important aspects of adapting GRADE to decision-

making in environmental health. In 2014, several project groups were formed within the 

GRADE Working Group to focus on methods assessment needs that are directly 

applicable to environmental and occupational health, including project groups for 

environmental health, observational studies, public health, application of GRADE to 

laboratory animal research, and non-randomized study risk of bias integration. Priority 

areas for the environmental and occupational health project group include (1) 

developing approaches to evaluate and integrate evidence from observational human, 

animal, in vitro, and in silico (computer modeling) studies to determine whether an 

association exist between exposure and health outcome(s); (2) applying GRADE to 

evaluations of interventions to mitigate exposure or reduce risk when an association has 

been identified; and (3) gaining experience in applying the GRADE frameworks for 

evidence-to-decision (EtD) and determining the direction and strength of 

recommendations for environmental and occupational health topics. Critically adapting 

GRADE to environmental health also requires consideration of how to rate the overall 

strength of the evidence and to integrate evidence across multiple evidence streams.  

5 Conclusions 
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This paper examines several key components of GRADE as they can be assessed and 

expanded as a standardized methodology for research and decision-making in 

environmental and occupational health. Over 90 organizations from 18 countries 

worldwide have adopted the GRADE framework to assess evidence and inform decision-

making. With a focus on rigorous and transparent methods, the GRADE approach has 

been applied successfully to clinical medicine, public health, diagnostic decision-making, 

questions about prognosis, and has great potential for the field of environmental and 

occupational health. In parallel to the methods development that has occurred over the 

past decades in the clinical and public health field, environmental health scientists have 

developed topic specific expertise about the evidence that informs how the 

environment shapes our health and sets the stage for knowledge transfer across 

disciplines to strengthen the scientific basis of decision-making for public policy. 

Leveraging this synergy will increase the transparency of, and scientific basis for, 

decision-making in environmental health, and thus help secure improved health 

outcomes for individuals and populations.   
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Figures 

Figure 1. 

 

Figure 1. GRADE’s approach to developing certainty ratings across a body of evidence 

for each outcome based on a systematic review and across outcomes (lowest quality 

across the outcomes critical for decision-making).   
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PREFACE TO CHAPTER 3 

Chapter 3. Evaluation of the Risk of Bias in Non-randomized Studies of Interventions 

(ROBINS-I) and the ‘target experiment’ concept in studies of exposures: rational and 

preliminary instrument development was submitted to Environment International on 15 

December 2017 and, as of 21 December 2017, is currently under review. 
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Abstract  

Assessing the risk of bias (RoB) of individual studies is a critical part of the overall 

process used to determine the certainty of evidence from non-randomized studies (NRS) 

of potential health effects from environmental exposures. The recently released RoB in 

NRS of Interventions (ROBINS-I) instrument has undergone careful development and 

piloting on NRS of health interventions. Using the fundamental design of ROBINS-I, 

which includes evaluating RoB against an ideal target trial, we explored developing a 

version of the instrument to evaluate RoB in exposure studies. During three sequential 

rounds of assessment, two or three raters (evaluators) independently applied ROBINS-I 

to studies from two systematic reviews and one case-study protocol evaluating the 

relationship between environmental exposures and health outcomes. Feedback from 

raters, methodologists, and topic-specific experts in the field of environmental health 

research informed modifications to the instrument. We identified the following areas of 

distinction for the modified instrument: the process, formulating the target experiment, 

and evaluating exposure misclassification. The nature of these methodological changes 

facilitates RoB assessment of NRS of exposures in the environmental health field with 

structured evidence-synthesis frameworks, such as Grading of Recommendations 

Assessment, Development and Evaluation (GRADE).  
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Highlights 

• The adapted RoB instrument for NRS of exposures instrument reflects modifications 

suggested from an evaluation of a recently released instrument to assess RoB for 

health interventions (ROBINS-I). 

• Authors can use the RoB instrument for NRS of exposures to evaluate the RoB of 

individual studies and across studies of environmental or occupational exposures by 

using the concept of the target experiment as a point of reference.  

• As for systematic reviews of interventions, the RoB instrument for NRS of exposures 

used in conjunction with Grading of Recommendations Assessment, Development 

and Evaluation (GRADE) begins with a rating of ‘High’ but typically requires rating 

down for confounding and other biases unless lack of bias can be carefully justified. 
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Abbreviations 

ACROBAT-NRSI: A Cochrane Risk of Bias Tool – for Non-randomized Studies of 

Interventions 

BPA: bisphenol-A 

CI: confidence interval 

CoE: Certainty of evidence 

EFSA: European Food Safety Authority 

EPA: Environmental Protection Agency 

GRADE: Grading of Recommendations Assessment, Development, and Evaluation 

IRIS: Integrated Risk Information System 

NOS: Newcastle-Ottawa Scale 

NRS: Non-randomized studies 

OHAT: Office of Health Assessment and Translation 

ORoC: Office of the Report on Carcinogen 

PBDE: polybrominated diphenyl ethers 

PECO: population, exposure, comparator, outcome 

PFOA: perfluorooctanoic acid 

PICO: population, intervention, comparator, outcome 
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PME: particulate matter exposure 

RCT: randomized controlled trial 

RoB: Risk of bias 

ROBINS-I: Risk of Bias in Non-randomized Studies of Interventions 

T4: thyroid hormone thyroxine 

TSH: thyroid simulation hormones 
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1. Introduction 

Assessing the risk of bias (RoB) of individual studies is a critical part of the overall 

process used to determine the certainty of evidence from non-randomized studies (NRS) 

of potential health effects from environmental exposures.  RoB, also called internal 

validity or limitations in the detailed design or execution, of the studies included in a 

review contributes to the overall evaluation of the certainty or quality of evidence.  

The Risk of Bias in NRS of Interventions (ROBINS-I) instrument, formerly named A 

Cochrane Risk of Bias Tool for Non-randomized Studies of Interventions (ACROBAT-NRSI) 

was released in 2016 to assess RoB in non-randomized (i.e., observational) studies (NRS) 

of health interventions [1, 2]. This instrument allows users to identify and assess RoB in 

NRS that evaluate the effects of one or more interventions at the individual outcome 

level. ROBINS-I, based on the Cochrane RoB instrument for randomized controlled trials 

(RCTs), facilitates a structured comparison of NRS to the gold standard represented by 

the RCT or target trial [3]. Signaling questions in the ROBINS-I instrument prompt raters 

to assess RoB in domains of: 1) bias due to confounding, 2) bias in selection of 

participants into the study, 3) bias in classification of interventions, 4) bias due to 

departures from intended interventions, 5) bias due to missing data, 6) bias in 

measurement of outcomes, and 7) bias in selection of reported results. Additional 

elements of the ROBINS-I instrument include an optional component to judge the 

direction of the bias for each domain. ROBINS-I was designed to inform the rating of the 

certainty of a body of evidence (CoE) regarding health interventions within the Grading 
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of Recommendations Assessment, Development, and Evaluation (GRADE) framework 

[2].  

Use of the target trial concept in ROBINS-I has impact on the application of the GRADE 

framework for assessing the CoE that include NRS [4]. The GRADE framework allows 

reviewers to systematically and transparently assess the CoE in a body of evidence to 

inform decision making [5]. GRADE considers the following factors as decreasing CoE: 

RoB, inconsistency, indirectness, imprecision, and publication bias. In addition, three 

factors increase CoE: large magnitude of effect, dose-response gradient, and opposing 

residual confounding. Within GRADE, because of the balance of prognostic factors that 

RCTs provide, RCTs start at ‘High’ initial CoE and NRS start at ‘Low’ initial CoE; however, 

the introduction of instruments using a standardized comparison for RoB assessment, 

such as ROBINS-I, eliminate the requirement for labelling a body of evidence as high or 

low certainty based on study design [4]. 

Since the ROBINS-I instrument was developed for health intervention studies, which 

often involve intentional ‘exposures’, the usefulness of ROBINS-I to evaluate RoB in 

studies of exposures to environmental chemicals, which are typically unintended 

exposures, is unclear. Conceptually, there was reason to expect that ROBINS-I would 

extrapolate to environmental exposure because the RoB domains overlap with 

instruments used in the field, such as the Newcastle-Ottawa Scale (NOS) and those 

developed by the Environmental Protection Agency (EPA), European Food Safety 

Authority (EFSA), the National Toxicology Program’s Office of Health Assessment and 

Translation (OHAT) and Office of the Report on Carcinogen (ORoC), and University of 
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California in San Francisco’s (UCSF) Navigation Guide [6-12]. Although the domain 

content is broadly similar across these instruments, they focus on study-design features, 

include items related to the sensitivity of the study, and not all use signaling questions 

[13, 14]. Most importantly, the ideal study design concept is not explicitly outlined. As 

GRADE considers the impact of the use of ROBINS-I on the conceptualization of the CoE, 

development of a version that allows assessment of studies dealing with exposures will 

facilitate harmonization of rating NRS of interventions and environmental or 

occupational exposures in the context of GRADE.  

In this paper, we present a RoB instrument for NRS of exposures, developed from a 

series of pilot tests and external feedback to ROBINS-I, to evaluate reviews of 

environmental exposure studies. We highlight the common methodological challenges 

and considerations experienced when we applied the ROBINS-I instrument to studies of 

unintentional exposures.  

2. Development of a RoB instrument to evaluate studies of 

exposure 

2.1. Methods 

We evaluated the ROBINS-I instrument in environmental studies of exposure by 

applying it to two existing systematic reviews and one case study protocol during three 

sequential rounds of assessment [15-17] (Appendices A & B). We identified facilitators 

and barriers to implementation of the instrument. Feedback from a group of raters 

(evaluators) conducting the pilot testing, as well as methodologists and topic-specific 
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experts in the field of environmental health research, informed modifications to the 

ROBINS-I instrument. During pilot testing three raters independently evaluated each 

study and discussed judgments to reach a consensus rating. To inform modifications to 

this RoB instrument for NRS of exposures, the raters were familiar with epidemiological 

methods; however, to model real-world RoB assessment we also selected raters who 

did not have content-specific knowledge of the exposure or outcomes. Raters had 

access to topic-specific experts for guidance and to improve understanding throughout 

the process.  

ROBINS-I served as the platform for our initial assessment; however, it became clear 

that modifications were required to conduct RoB in NRS of exposure, so we 

subsequently referred to the modified instrument as a RoB instrument for NRS of 

exposures. A steering group of key investigators (RM, KT, AH, NS, HS) made decisions 

regarding whether or not to modify the instrument based on user experience during 

pilot testing.  

Three rounds of testing and feedback from methodologists and topic-specific experts 

suggested semantic and conceptual modifications to facilitate understanding and 

enhance usefulness of the instrument in environmental health (Appendix C). Steering 

group members agreed both semantic and conceptual modification to the ROBINS-I 

instrument were sufficient to necessitate a distinct instrument for assessing RoB in NRS 

of exposure (Appendix D). We posted this preliminary version of a RoB instrument for 

NRS of exposures on the University of Bristol website in 2017, so that interested 

organizations could pilot and provide feedback for further development [18].  



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

56 
 

3. Methodological distinctions between assessing RoB in 

NRS of interventions and in NRS of exposures 

3.1. Conducting the RoB assessment 

A RoB instrument for NRS of exposures has three stages: 1) clarify the review question 

and identify confounders and co-exposures; 2) describe a target trial/experimental 

version of the study; and 3) evaluate the study. In Stage I, the review group describes 

the question of the review: the population, exposure, comparators, outcome (PECO), as 

well as general information regarding confounders, co-exposures or interventions, and 

assessment of the exposure and health outcome. All study outcomes of interest are 

included in the ‘O’ field. In Stage II, for each eligible study, the review group describes 

the target experiment, including confounders and co-interventions that could have 

occurred in the study. This includes identifying the specific outcome of interest that 

raters will evaluate with the instrument, as both instruments are designed to evaluate 

the RoB of a study for a specific outcome. Lastly, in Stage III, raters evaluate each study 

using the RoB signaling questions and make domain-level judgments. 

At each stage in the process, the involvement of topic-specific experts is paramount to 

identify confounders and co-interventions, nuances of the exposure and outcome 

measurements, as well as review the eligibility of studies, and the accuracy and 

completeness of rationales provided in response to the signaling questions.  

3.2. The target experiment 
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ROBINS-I presents a distinguishing feature from previously published RoB instruments 

for evaluating NRS: the target trial [1]. Each review question is formulated to emulate a 

hypothetical pragmatic RCT. Evaluations of the target trial within ROBINS-I by topic-

specific experts and methodologists revealed initial confusion and criticism when 

applied to studies of environmental exposure, namely that the trial may not only 

emulate an RCT, but may also emulate an animal experiment. For pilot testing, we 

renamed the ‘intervention’ of the population, intervention, comparator, outcome (PICO) 

question in ROBINS-I to ‘experimental exposure’ to maintain consistency with the 

transition to the PECO. Thus, with input from ROBINS-I developers, we renamed ‘target 

trial’ to ‘target experiment’ to emphasize that the unintentional exposures assessed by 

the modified instrument could also be compared to a hypothetical animal experiment. 

We also identified issues related to the exposure and comparator of the target 

experiment. The ROBINS-I instrument is used to evaluate NRS that compare outcomes in 

at least two groups (i.e. comparative studies). Primary studies should include an 

‘intervention group’ and an alternate control or comparison, whether provided in the 

study or by the initial research question. The comparator could address thresholds, 

levels, durations, ranges, means, medians, or ranges of exposure, including an 

incremental increase in exposure [19]. When using the ROBINS-I instrument, in Stage I 

the assessor describes the PECO question.  

3.3. Misclassification of the exposure 

Environmental exposures can often be conceptualized as unintentional interventions, 

which poses a challenge for accurate ascertainment of the exposure. One fundamental 
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challenge is evaluating confidence in exposure characterization [14]. For example, how 

certain are we that an individual in the lower exposure group is correctly classified to 

that group? In addition, information about the timing of exposure is often unavailable. 

Within the RoB instrument for NRS of exposures, the rater collects two different types 

of information to characterize the exposure. Prior to answering the RoB signaling 

questions, in Stage I, the rater collects information about how applicable the 

measurement of the exposure is to the ‘E’ of the PECO question. When responding to 

questions about bias in each study, in Stage III, the rater collects information on the 

validity (i.e., the most robust exposure assessment methods) of the measures used and 

whether or not they distinguish between the exposed and comparative groups.  

Raters who pilot tested ROBINS-I and early drafts of the RoB instrument for NRS of 

exposures conflated issues of applicability (i.e., generalizability) and RoB. By default, 

raters captured these concepts within their responses to the RoB signaling questions. In 

the RoB instrument for NRS of exposures, we maintain a distinction between whether 

the exposure was measured incorrectly among all persons in the study and whether the 

exposure was measured incorrectly among some persons placing them in the 

inappropriate exposure or comparator group. Stages I and II in the RoB instrument for 

NRS of exposures contain fields to capture information on the accuracy of the exposure 

measurement that can inform how directly the ‘E’ and ‘C’ in the PECO are measured. 

The domain dedicated to ‘Misclassification of the Exposure’ includes signaling questions 

regarding how the exposure status is defined (i.e. were participants allocated to the 

correct exposure categories) and the robustness of the exposure assessment methods 
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(i.e. were the methods used to measure the exposure conducted correctly). This 

distinction promotes integration into decision-making frameworks, such as GRADE, 

which assess RoB as one factor when considering the CoE [20].  

We identified similar confusion when raters evaluated studies with a cross-sectional 

design. Cross-sectional design studies are common in the environmental health 

literature; at a single time point they allow measuring environmental exposures, health 

outcomes, as well as certain confounders, and may require less time to complete and be 

more feasible to conduct than other study designs [21]. However, cross-sectional 

designs are at particularly high risk of bias. Specific concerns of bias in cross-sectional 

studies include concerns about the ability to establish temporality of the potential 

association between exposure and outcome and the desirability of having multiple 

measurements of an exposure to assess stability of the exposure levels over time. Some 

exposures require measurement at multiple time points (i.e., non-persistent chemicals) 

to determine their presence and quantify levels in the body. The RoB instrument for NRS 

of exposures delineates such concerns by distinguishing the measurements needed to 

determine exposure accuracy in Stage I and the degree of RoB if such measures are 

applied incorrectly. 

An additional concept not yet addressed within the development of the target 

experiment or measurement of the exposure relates to the uncertainty about a study’s 

ability to detect a true effect, called study sensitivity [22]. This could happen when the 

levels of exposure do not include sufficient variation among subjects to allow detecting 

an effect. For PECO questions that explore if an association between different exposure 
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levels and outcomes exist, studies at lower RoB will include sufficient variation in 

exposure levels among subjects to detect potential associations.  

4. Discussion 

We developed an instrument to evaluate the RoB of environmental exposure studies as 

an ideal target experiment, building on the strong methodological foundation 

established by the ROBINS-I work group [1]. Recognizing the substantial differences 

when assessing the CoE related to the effects of exposures on outcomes compared with 

intentional interventions, systematic review authors and guideline developers can use 

the instrument to assess risk of bias of individual studies and across studies. 

Development of the final RoB instrument for NRS of exposures will facilitate the use of 

NRS of environmental, nutritional or occupational exposures in GRADE. 

4.1. Strengths and weaknesses of the study 

Strengths of this work include our undertaking of a multi-step process to determine the 

extent to which the ROBINS-I instrument is applicable to assessing the health impact of 

environmental exposures (Appendix B). To assess and improve the presentation and 

relevance (i.e. face validity) of the instrument, at least one topic-specific expert in the 

field of interest populated Stage I during an iterative process. Topic-specific experts 

provided suggestions for improved applicability of the instrument in three ways during 

the evaluation and instrument adaptation process: 1) by providing background 

information for raters when applying ROBINS-I and the modified instrument; 2) by 

providing guidance on additional questions to add to ROBINS-I specific to environmental 
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exposure; and 3) by performing additional piloting of the modified instrument. We 

found that information specific to identifying and measuring the exposures and 

outcomes was important when responding to the corresponding signaling questions. 

While the same raters applied the instrument to individual studies within the systematic 

reviews, we did not formally test or calculate reliability of responses. This would require 

a final version of the modified instrument. However, based on the narrative responses 

to the signaling questions, even with the initial adjustments made to the ROBINS-I 

instrument to address exposures, raters reported misunderstanding the concepts in the 

questions and the information in the studies. Modifications to the instrument and 

instructions from the three rounds of pilot testing and external feedback improved 

understanding. 

4.2. Strengths and weaknesses in relation to other instruments 

Through pilot-testing feedback and external consultation, we evaluated the face validity 

of the RoB instrument for NRS of exposures. In addition, the modified instrument, 

adapted from ROBINS-I, has both similarities and differences when compared with other 

RoB instruments used to assess studies of environmental exposure [14]. Domains that 

assess aspects of bias due to confounding, selection of participants, measurement of 

exposure, intended exposure, missing data, measurement of outcomes, and reported 

results are also reflected in other instruments (NOS, EPA, EFSA, Navigation Guide, OHAT, 

and ORoC instruments). However, the modified instrument remains distinct in its 

assessment of how well individual studies emulate the target experiment, which 

impacts evaluation of each bias domain and overall RoB judgments [1, 14]. Additionally, 
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the modified instrument maintains a distinction between the evaluation of RoB and of 

other factors pertinent to assessing the utility of a study, in particular the concept of 

study sensitivity [22]. Additional work remains on how to best conceptualize study 

sensitivity both within the RoB instrument for NRS of exposures, as well as within the 

GRADE CoE framework.  

While RoB instruments evaluating RCTs or intentional interventions assume that 

researchers have control over or knowledge of the initiation of the intervention, this is 

not frequently the case for studies of exposures. RoB instruments evaluating exposure 

need to confirm the validity of the exposure measurement, the applicability of the 

measurement used in each study, and the ability of the exposure measurement to 

distinguish a difference in the outcome.  

4.3. Implications for researchers and policymakers 

When using evidence to inform decision making, the RoB instrument for NRS of 

exposures allows systematic-review authors and guideline developers to evaluate NRS 

with the target experiment as a reference point. Use of the ideal study design concept 

may be implicit in the instructions for some of the instruments, but it is not as explicitly 

outlined. Developers preferring to focus on assessing RoB based on domains rather than 

strongly based on study design labels, which allows for a more nuanced assessment, 

may favor the RoB instrument for NRS of exposures. Using the RoB instrument for NRS 

of exposures also facilitates assessment of the overall CoE because of its integration 

with GRADE. When the RoB instrument for NRS of exposures is used with GRADE, all 

studies start at a high certainty rating and the detailed assessment of the GRADE 
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domains, including risk of bias, then determines the final overall certainty. Planning for 

the application of the modified instrument should recognize the resources needed to 

conduct the RoB assessment as intended, such as time demands and topic-specific 

expertise.  

4.4. Unanswered questions and future research 

There is still a need to further assess the reliability and validity of the instrument; 

however, similar to other RoB instruments (e.g., ROBINS-I and the Cochrane RoB 

instrument for RCTs), much of that information will be gained by external application 

and feedback. Future studies could assess the reliability of raters’ responses to the 

modified instrument in comparison to other RoB instruments used in environmental 

health. Studies also need to evaluate the validity of the modified instrument to assess 

RoB in a variety of exposure scenarios, including occupational exposures and exposures 

characterized by techniques other than biomonitoring. Similar to methods used for the 

development of this instrument, the involvement of topic-specific experts and iterative 

rounds of pilot testing will be needed. Comprehensive guidance with examples is 

needed for raters and for decision makers using the output from the RoB instrument for 

NRS of exposures. 

The RoB instrument for NRS of exposures requires an independent control or 

comparative group to provide an evaluation that emulates a target experiment. 

Guidance for the rationale and approach to PECO formulation is forthcoming [23]. 

Piloting of ROBINS-I and the modified instrument identified continued confusion on the 

topic of RoB and other factors related to assessing the CoE [13]. Some consider one’s 



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

64 
 

ability to determine an exposure’s true effect (e.g., ‘study sensitivity’), as distinct from 

RoB and issues of indirectness but this depends on the PECO question that is asked in 

the systematic review [22]. In this instrument, fields to address study sensitivity could 

be added to Stages I or II in the instrument, where the concept of indirectness is 

addressed.  

5. Conclusions 

We evaluated the application of the ROBINS-I instrument to NRS of exposures by 

applying it to two existing systematic reviews and one case-study protocol. Based on a 

three-stage, pilot-testing study that involved numerous raters, topic-specific experts, 

and collaboration with the original instrument developers, we modified an existing RoB 

instrument for evaluation of environmental studies of exposure. Modifications made to 

the ROBINS-I instrument to tailor it to studies of environmental exposure increased 

understanding and application of the instrument. The modifications made to the 

instrument were important enough to recommend an instrument distinct from ROBINS-I 

for NRS of exposure. This RoB instrument for NRS of exposures can serve as a 

standardized, transparent, and rigorous instrument for evaluating RoB of environmental 

exposure studies. It lends itself to the use in the context of GRADE to assess the overall 

certainty in a body of evidence, but users should be aware of the special consideration 

around the initial CoE. 
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Appendix A. Characteristics of systematic reviews assessed using the ROBINS-I 

instrument. 

Pilot 

Round 

Title (Reference) Exposure Outcome Number 

of 

Studies 

Number 

of raters 

per 

study 

Study 

design (n) 

Round 1 Draft protocol for 

systematic review 

to evaluate the 

evidence for an 

association 

between bisphenol 

A (BPA) exposure 

and obesity1  

BPA Overweight 

and obesity 

14 2 Cohort (2) 

Cross-

sectional 

(12) 

 

Round 2 The Navigation 

Guide-Evidence-

Based Medicine 

Meets 

Environmental 

Health: Systematic 

Review of Human 

Evidence for PFOA 

Effects on Fetal 

Growth2  

PFOA Fetal growth 

(i.e., birth 

weight) 

17 2 Cohort (7) 

Cross-

sectional 

(10) 

Round 3 The Correlation 

between 

Polybrominated 

Diphenyl Ethers 

(PBDEs) and Thyroid 

Hormones in the 

PBDEs Thyroid 

function as 

measured by 

thyroid 

simulation 

hormones 

(TSHs) or 

thyroid 

17 3 Cohort (3) 

Case-

control (1) 

Cross-

sectional 

(13) 

                                                           
1 Thayer K, Rooney A, Boyles A, Holmgren S, Walker V, Kissling G, U.S. Department of 
Health and Human Services: Draft protocol for systematic review to evaluate the 
evidence for an association between bisphenol A (BPA) exposure and obesity. National 
Toxicology Program 2013. 
2 Johnson PI, Sutton P, Atchley DS, Koustas E, Lam J, Sen S, Robinson KA, Axelrad DA, 
Woodruff TJ: The Navigation Guide-Evidence-Based Medicine Meets Environmental 
Health: Systematic Review of Human Evidence for PFOA Effects on Fetal Growth. 
Environmental health perspectives 2014. 
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General Population: 

A Meta-Analysis3 

hormone 

thyroxine (T4) 

BPA: bisphenol A; PBDE: polybrominated diphenyl ethers; PFOA: perfluorooctanoic acid. 

  

                                                           
3 Zhao XM, Wang HL, Li J, Shan ZY, Teng WP, Teng XC: The Correlation between 
Polybrominated Diphenyl Ethers (PBDEs) and Thyroid Hormones in the General 
Population: A Meta-Analysis. Plos One 2015, 10(5). 
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Appendix B. Detailed methods of the evaluation of ROBINS-I and development of the 

RoB instrument for NRS of exposures.  

Methods 

Approach 

We evaluated the ROBINS-I instrument in occupational and environmental studies of 

unintentional exposure by applying it to two existing systematic reviews and one draft 

case study protocol. We focused on identifying benefits and barriers to implementation 

of the instrument. Feedback from a group of raters (evaluators) conducting the pilot 

testing, as well as methodologists and topic-specific experts in the field of 

environmental health research, informed modifications to the ROBINS-I instrument. 

ROBINS-I served as the platform for our initial assessment; however, when it became 

clear that certain modifications were required to conduct RoB in NRS of exposure, we 

referred to it as the modified instrument. A steering group of key investigators (RM, KT, 

AH, NS, HS) made decisions regarding whether or not to modify the instrument based 

on these findings.  

Instruments 

Initially released as ACROBAT-NRSI in 2014 and renamed as ROBINS-I in 2016, this study 

used both iterations of the instrument when assessing understanding and applicability 

to environmental exposure studies4. We will refer to either ACROBAT-NRSI or ROBINS-I 

                                                           
4 Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, Henry D, 
Altman DG, Ansari MT, Boutron I et al: ROBINS-I: a tool for assessing risk of bias in non-
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based on the version of the instrument that was used during that stage in the 

assessment.  

The ACROBAT-NRSI/ROBINS-I instrument contains 30 signaling questions across seven 

bias domains to assist reviewers in determining whether an individual study is at low, 

moderate, serious, or critical RoB (www.riskofbias.info)5. ROBINS-I focuses on studies of 

interventions in cohort and case-control study designs, with plans to explore 

modifications in future for other study types such as cross-sectional studies. The seven 

bias domains are: 1) Bias due to confounding, 2) Bias in selection of participants into the 

study, 3) Bias in classification of interventions, 4) Bias due to departures from intended 

exposures, 5) Bias due to missing data, 6) Bias in measurement of outcomes, and 7) Bias 

in selection of the reported result. Using this instrument, raters can determine domain-

level judgments within a study and study-level judgments about RoB based on the seven 

domain-level judgments. Signaling question response options include ‘Yes’, ‘Probably 

yes’, ‘Probably no’, ‘No’, and ‘No information’, and are complemented by free text fields 

to capture response judgments. Raters use the signaling question and free-text 

responses to make domain-level judgments about RoB. Domain- and study-level 

response options include ‘Low’, ‘Moderate’, ‘Serious’, and ‘Critical’ RoB. The individual 

                                                           
randomised studies of interventions. BMJ 2016, 355:i4919. ACROBAT-NRSI: A Cochrane 
Risk Of Bias Assessment Tool for Non-Randomized Studies of Interventions. Accessed 24 
September 2014. [https://sites.google.com/site/riskofbiastool/]. 
5 Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, Henry D, 
Altman DG, Ansari MT, Boutron I et al: ROBINS-I: a tool for assessing risk of bias in non-
randomised studies of interventions. BMJ 2016, 355:i4919. ACROBAT-NRSI: A Cochrane 
Risk Of Bias Assessment Tool for Non-Randomized Studies of Interventions. Accessed 24 
September 2014. [https://sites.google.com/site/riskofbiastool/]. 

http://www.riskofbias.info/
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study-level RoB is typically taken from the most severe of the domain-level judgments, 

unless the rater feels that the individual study should be rated as having greater RoB 

than that based on several affected domains. Domain-level responses across a body of 

evidence (across studies) allow an assessment of how much the domain-level RoB 

judgments may contribute to the trustworthiness of the entirety of evidence. It is 

recommended that studies with an overall RoB of ‘Critical risk’ not be included in a 

meta-analysis; however, that decision should be made considering the totality of the 

evidence6.   

Preparation for an evaluation using this instrument includes populating both a project- 

and an individual study-level protocol6. For each research question, raters complete one 

project-level protocol, identifying their target randomized trial research question. The 

target randomized trial research question identifies the population, intervention, 

comparison, and outcomes of interest. Based on this target trial, raters identify the 

nature of the target comparison (i.e., effect of interest), potential confounders and the 

relationship between them and the confounding domains for the research project. It 

also includes addressing possible co-interventions that could have an impact on the 

study outcomes, and the result(s) being assessed. For each individual study eligible to 

answer the review question, reviewers complete a study-level protocol. Text fields in 

the study-level protocol reflect those in the project-level protocol, to facilitate the 

abstraction of information from each individual study to determine generalizability and 

                                                           
6 Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, Henry D, 
Altman DG, Ansari MT, Boutron I et al: ROBINS-I: a tool for assessing risk of bias in non-
randomised studies of interventions. BMJ 2016, 355:i4919. 
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applicability to answering the project-level research question. Raters extract 

information to assess whether or not confounders and co-interventions identified as 

critical were addressed in the individual study and whether the individual study 

identified additional confounders or co-interventions.  

Selection of raters and topic-specific experts 

Raters 

We selected raters (RB, SE, AG, and PR) with master’s and doctoral degrees, training in 

epidemiological methods, and at least four years (range 4-13 years) of experience as 

evaluators of epidemiological studies. While the raters did not necessarily have topic-

specific expertise on the environmental exposures in the selected systematic reviews, 

they had access to topic-specific experts and other resources for consultation 

throughout the project. Raters initially received training materials, which included Stage 

I, Stage II, and the abstraction instrument per the ACROBAT-NRSI handbook, and 

supplemental information when the ROBINS-I iteration was released7.  

Case topic-specific experts 

We selected topic-specific experts (JL, KS, and KT), familiar with the exposures and 

outcomes assessed during the three rounds of piloting, to provide the required 

                                                           
7 Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, Henry D, 
Altman DG, Ansari MT, Boutron I et al: ROBINS-I: a tool for assessing risk of bias in non-
randomised studies of interventions. BMJ 2016, 355:i4919. ACROBAT-NRSI: A Cochrane 
Risk Of Bias Assessment Tool for Non-Randomized Studies of Interventions. Accessed 24 
September 2014. [https://sites.google.com/site/riskofbiastool/]. 
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background information for completion of the evaluation using the ACROBAT-NRSI 

instrument, including about confounders and possible co-exposures. These PhD-level 

topic-specific experts had published articles on and had first-hand knowledge of the 

exposure and features important to the exposures and health outcomes of interest (i.e., 

BPA and obesity, PFOA and birth weight, and PBDE and thyroid function).  

Systematic reviews selected for pilot testing 

We assessed the utility of ACROBAT-NRSI by piloting the instrument on all primary 

studies included in two previously published systematic reviews and studies identified 

from a draft case study protocol developed by OHAT as part of its early efforts to 

implement systematic review8. We selected previously published systematic reviews 

and a draft case study protocol that presented both persistent and non-persistent 

chemicals, as well as included primary studies featuring a variety of NRS designs (cohort, 

case-control, and cross-sectional). Using ACROBAT-NRSI, raters evaluated studies 

identified in two systematic reviews and one draft case study protocol of environmental 

epidemiological studies: 1) exposure to bisphenol A (BPA) and its association with 

obesity; 2) developmental exposure to perfluorooctanoic acid (PFOA) and its effect on 

                                                           
8 Thayer K, Rooney A, Boyles A, Holmgren S, Walker V, Kissling G, U.S. Department of 
Health and Human Services. Draft protocol for systematic review to evaluate the 
evidence for an association between bisphenol A (BPA) exposure and obesity. National 
Toxicology Program 2013. Johnson PI, Sutton P, Atchley DS, Koustas E, Lam J, Sen S, 
Robinson KA, Axelrad DA, Woodruff TJ: The Navigation Guide-Evidence-Based Medicine 
Meets Environmental Health: Systematic Review of Human Evidence for PFOA Effects on 
Fetal Growth. Environmental health perspectives 2014. Zhao XM, Wang HL, Li J, Shan ZY, 
Teng WP, Teng XC: The Correlation between Polybrominated Diphenyl Ethers (PBDEs) 
and Thyroid Hormones in the General Population: A Meta-Analysis. Plos One 2015, 
10(5). 
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fetal growth; and 3) exposure to polybrominated diphenyl ethers (PBDEs) and its effect 

on thyroid function (Appendix A).  Each of the reviews represented a collection of 14-19 

studies, most of which were cross-sectional in design but also included several cohort 

studies.  

Evaluation of selected systematic reviews 

For the first and second rounds of user testing, which informed initial revisions to the 

instrument, two raters independently responded to the signaling questions and 

provided domain- and study-level RoB judgments according to the ACROBAT-NRSI 

instrument from each study within the selected systematic reviews on BPA and PFOA 

into Microsoft Excel. A third rater reviewed the results, established consensus, and 

determined overall RoB for each study. In the third round of user testing, the three 

raters independently applied the modified instrument to a systematic review looking at 

the impact of PBDEs on thyroid function. The three raters then agreed on overall RoB for 

each study.  

Our rating protocol, developed for each review, identified the hypothetical (i.e., target) 

randomized trial, potential confounders, and possible co-exposures of interest. Initially, 

raters identified pre-specified chemical confounders and possible co-exposures related 

to the health outcomes. We used sources such as the PhenX Toolkit 

(https://www.phenxtoolkit.org/) to identify key confounders for the health outcomes9. 

                                                           
9 Hamilton CM, Strader LC, Pratt JG, Maiese D, Hendershot T, Kwok RK, Hammond JA, 
Huggins W, Jackman D, Pan H: The PhenX Toolkit: get the most from your measures. 
American journal of epidemiology 2011, 174(3):253-260. 

https://www.phenxtoolkit.org/
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Topic-specific experts provided guidance to address raters’ unfamiliarity with the topic 

of each systematic review. When raters recognized additional confounders or co-

exposures mentioned in the studies, these were added to the protocol; all studies were 

then re-evaluated so that raters considered the most comprehensive lists of 

confounders and co-exposures.  

In the three rounds of pilot testing, raters received a form to identify and document 

barriers and facilitators to the use of the ROBINS-I in studies of environmental health. 

Also, we asked raters to provide descriptions of their understanding of each signaling 

question in the ROBINS-I instrument to identify areas requiring additional clarity and/or 

rewording. When deciding to modify ROBINS-I for the subsequent rounds of pilot 

testing, we considered modifications suggested by raters: for example, repeated 

misunderstanding of specific signaling questions over the multiple rounds of pilot 

testing.  

Instrument evaluation and refinement 

In addition to the three rounds of pilot testing, the steering committee consulted with 

other topic-specific experts in environmental health, as well as developers from the 

ACROBAT-NRSI/ROBINS-I instruments using a modified Delphi (group decision-making) 

technique conducted in each of the three rounds10. First, topic-specific experts from 

government and non-governmental organizations (GC, JL, RL) weighed in on the initial 

                                                           
10 Hsu C-C, Sandford BA: The Delphi technique: making sense of consensus. Practical 
assessment, research & evaluation 2007, 12(10):1-8. 
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ACROBAT-NRSI items and identified similarities and differences with current 

instruments applied to studies of environmental exposures. To identify salient items, 

topic-specific experts compared RoB instruments used for evaluation of environmental 

studies used by the EPA, Navigation Guide, OHAT, and ORoC to determine common 

items that would identify typical classification errors in environmental risk11.  

Second, three case topic-specific experts (JL, DM, KS) in the field of environmental 

health all assessed one study from the review of BPA and obesity and one study from 

the review of PBDE and thyroid function using the modified ROBINS instrument and 

provided feedback on the signaling questions12. In addition, case topic-specific experts 

addressed responses to the signaling questions from raters to weigh in on the accuracy 

and comprehensiveness of their responses. 

Lastly, chairs of the ACROBAT-NRSI/ROBINS-I instrument development work group (JH & 

JS) provided input on items added to tailor modifications made to evaluate studies of 

                                                           
11 NRC (National Research Council): Review of EPA's Integrated Risk Information System 
(IRIS) Process (http://www.nap.edu/catalog.php?record_id=18764) [accessed 1 January 
2015]. 2014. NTP (National Toxicology Program): Handbook for Preparing Report on 
Carcinogens Monographs - July 2015. Available at 
http://ntp.niehs.nih.gov/go/rochandbook. 2015(January 3, 2017). Johnson PI, Sutton P, 
Atchley DS, Koustas E, Lam J, Sen S, Robinson KA, Axelrad DA, Woodruff TJ: The 
Navigation Guide-Evidence-Based Medicine Meets Environmental Health: Systematic 
Review of Human Evidence for PFOA Effects on Fetal Growth. Environmental health 
perspectives 2014. Rooney AA, Boyles AL, Wolfe MS, Bucher JR, Thayer KA: Systematic 
review and evidence integration for literature-based environmental health science 
assessments. Environ Health Perspect 2014, 122(7):711-718. 
12 Carwile JL, Michels KB: Urinary bisphenol A and obesity: NHANES 2003–2006. 
Environmental research 2011, 111(6):825-830. Chevrier J, Harley KG, Bradman A, Gharbi 
M, Sjödin A, Eskenazi B: Polybrominated Diphenyl Ether (PBDE) Flame Retardants and 
Thyroid Hormone during Pregnancy. Environmental Health Perspectives 2010, 
118(10):1444. 
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environmental exposure. As mentioned previously, our study incorporated updated 

versions of ROBINS-I into this pilot work on our modified instrument. 

Data analysis 

When discrepancies were identified during the first and second round of testing, the 

third reviewer discussed with the two raters to determine the basis for the discrepancy, 

i.e., confusion on the item or differences of opinion on the raters’ observations. We 

discussed differences related to the clarity of the item and either reworded the item or 

provided additional guidance for the question, as necessary. Similarly, in the third round 

of user testing, all three raters that provided the review of the studies discussed and 

arrived at a consensus on the response to each instrument item and overall RoB. 
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Appendix C. Modifications made as a result of three rounds of pilot testing and 

external consultation. 

Methods used 
during pilot-
testing of 
ROBINS-I and 
subsequent 
modifications of 
the instrument 

1) Development of Stage I: 
a. A priori, topic-specific experts of the environmental exposures 

of interest provided input to stage 1 of the instrument, 
identifying critical confounders, potential co-exposures, and 
identifying characteristics of the exposure and health 
outcome measurement accuracy, such as its persistence.  

b. Raters consulted a database on chemical and environmental 
exposures, the PhenX Toolkit 
(https://www.phenxtoolkit.org/), to identify potential 
confounders [19]. 

c.  Topic-specific experts provided background information for 
raters when applying ROBINS-I or the modified instrument. 

2) Completion of Stage II & III 
a. To improve reliability of responses, at minimum, two raters 

independently applied the instrument to each study in the 
systematic reviews, and compared and discussed their 
evaluations to reach consensus.  

b. Topic-specific experts performed additional piloting of the 
modified instrument. 

Round 1: BPA 
and obesity 

3) Replacement of the word ‘intervention’ with ‘exposure’ throughout 
the document;  

4) Additional written instructions to address how to respond to signaling 
questions about temporality in a study of cross-sectional design 

a. For example, when responding to question 1.6 “Did authors 
avoid adjusting for post-intervention variable”, we added “In a 
cross-sectional study, post-exposure variables are not studied 
and thus the action of adjusting or not adjusting for them 
does not present a risk to bias in the study. Therefore, the 
response option selected should represent that the risk to bias 
is not present or minimally present, not that the question is 
‘Not applicable’.” 

5) Additional instructions in conversations to address the subjectivity of 
the answer choices (for example the difference between ‘Yes’ and 
‘Probably Yes’) and importance of explanations for why an answer 
choice was selected 

6) Additional instructions in conversation to raters to minimize the use of 
the response option ‘N/A’ 

Round 2: PFOA 
and fetal growth 

1) Additional questions added to Domain 3. Bias in measurement of 
exposure to assess the exposure: 

a. “Is there a concern that the variation in exposure levels across 
groups was insufficient to potentially identify associations 
with health outcomes?” 

https://www.phenxtoolkit.org/
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b. “Is there a concern that the exposure assessment did not 
capture the relevant time window of exposure with respect to 
the health outcome?” 

c. “Are there concerns that missing exposure data (including 
methods used to input data) may have resulted in exposure 
misclassification?” 

2) Additional question added to Domain 3. Bias in measurement of 
exposure to assess temporality of exposure and outcome 
measurements: 

a. “Was information on exposure status recorded prior to 
outcome assessment?” 

Round 3: PBDE 
and thyroid 
function 

1) Additional fields added to stage I of the instrument: 
a. “List the criterial used to determine the accuracy of exposure 

measurement” 
b. “List the possible co-exposures that could differ between 

exposure groups and could have an impact on study 
outcomes” 

2) Additional fields added to stage II of the instrument: 
a. “List the criteria used to determine the accuracy of exposure 

measurement” 
b. “Factors to consider when evaluating health outcome 

assessment” 

Consultation 
with topic-
specific experts 
and ROBINS-I 
instrument 
developers 

1) Discussions with topic-specific experts and comparison across 
instruments led to modifications made to the wording of questions in 
Domain 3: Bias in measurement of exposure and the inclusion of an 
additional question (3.7): 

ROBINS-I (Bias in classification of 
intervention) 

Modified instrument for assessing RoB 
in environmental exposure studies 
(Bias in measurement of exposure) 

3.1 Is the intervention well 
defined? 

3.1 Is exposure status well defined? 

3.2 Was information on 
intervention status recorded at 
the time of intervention? 

3.2 Did entry into the study begin with 
start of the exposure?  

3.3 Was information on 
intervention status unaffected by 
knowledge of the outcome or risk 
of the outcome? 

3.3 Was information on exposure status 
recorded prior to outcome assessment?  

 
3.4 Could classification of exposure 
status have been affected by knowledge 
of the outcome or risk of the outcome? 

 
3.5 Are the levels, duration, or range of 
exposure of the population at risk 
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sufficient or adequate to detect an 
effect of exposure? 

 
3.6 Is the follow-up period adequate to 
allow for the development of the 
outcome of interest? 

 
3.7 Were exposure assessment 
methods robust (including methods 
used to input data)?  

 
2) Discussions with ROBINS-I instrument developers lead to the following 
modifications: 

a. Reorganization of questions 3.5 and 3.6 into the project- and 
study-level protocols as measures to assess indirectness and study 
eligibility, not RoB 

b. Agreement of replacing ‘intervention’ with ‘exposure’ throughout 
the instrument; replacement of ‘target trial’ with ‘target 
experiment’; expansion of future guidance to distinguish between 
ROBINS for intentional interventions and modified ROBINS for 
unintentional exposures; and expansion of future guidance to 
highlight scenarios specific to environmental and occupational 
exposures. 
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Appendix D. Risk of Bias Instrument for Non-randomized Studies of Exposure. 
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NON-RANDOMIZED STUDIES OF EXPOSURES: A 

USERS’ GUIDE 
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PREFACE TO CHAPTER 4 

Chapter 4. Risk of bias instrument for non-randomized studies of exposures: a users’ 

guide has been reviewed by all co-authors. This manuscript has been disseminated to 

members of the GRADE Environmental Health Project Group for review. The revised 

manuscript will be presented to the GRADE Working Group in April 2018 as a proposal 

for GRADE guidance. Following that meeting, the manuscript will be share among 

GRADE Working Group members and the GRADE Guidance Group for final approval. The 

final manuscript will be submitted to Environment International.  
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Abstract 

The objective of this paper is to explain how to apply, interpret, and present the results 

of a new instrument to assess the risk of bias (RoB) in non-randomized studies (NRS) 

dealing with effects of environmental exposures on health outcomes. This instrument is 

modeled on Risk Of Bias In Non-randomized Studies (ROBINS) of Interventions (ROBINS-

I) instrument. The RoB instrument for NRS of exposures evaluates RoB along a 

standardized comparison to randomized experiments, instead of a study-design directed 

RoB approach. We provide specific guidance for the integral steps of developing a 

research question and target experiment, distinguishing issues of indirectness from RoB, 

making individual-study judgments, and performing and interpreting sensitivity analyses 

for RoB judgments across a body of evidence. To optimally integrate with an overall 

assessment of the certainty of evidence, we present an approach for integrating the RoB 

assessments in the Grading of Recommendations Assessment, Development, and 

Evaluation (GRADE) approach. Finally, we guide the reader through an overall rating of 

all domains that determine the certainty of a body of evidence using the GRADE 

approach. 

 

Abstract word count: 175 / 200 

Keywords (6): Risk of bias; environmental health; GRADE; non-randomized studies; 

study limitations; ROBINS 
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Highlights 

• To inform decision-making about an environmental health exposure, authors of 

systematic reviews should rigorously and transparently evaluate RoB of the 

included studies using a standardized approach. 

• The RoB instrument for NRS of exposures presents a rigorous evaluation of RoB 

for individual studies for each outcome.  

• At the review level, overall RoB across the body of evidence for a specific 

outcome is a crucial part of judging the certainty of that evidence when using 

the GRADE approach. 
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Abbreviations 

BMI: body mass index 

BPA: bisphenol-A 

CoE: Certainty of evidence 

dB: decibel 

GRADE: Grading of Recommendations Assessment, Development, and Evaluation 

NHANES: National Health and Nutrition Examination Survey 

NRS: Non-randomized studies 

PECO: population, exposure, comparator, outcome 

RCT: randomized controlled trial 

RoB: Risk of bias 

ROBINS-E: Risk of Bias in Non-randomized Studies of Exposures 

ROBINS-I: Risk of Bias in Non-randomized Studies of Interventions 

uBPA: urinary measure of bisphenol-A 
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1. Introduction 

The evidence on the impact of environmental exposure on health outcomes typically 

comes from non-randomized studies (NRS). Objective and transparent evaluation of 

evidence requires the use of systematic reviews [1]. A highly credible systematic review 

requires a standardized, rigorous, and transparent evaluation of the risk of bias (RoB) in 

each included study across the body of evidence [2, 3].  

A recent study evaluated five RoB methods used in environmental health hazard 

assessments [4]. While all five methods considered the same issues (or domains) in RoB 

assessment, their relative emphasis on these issues varied. These findings demonstrated 

the need for the harmonization and improvement of these methods. 

The objective of this paper is to explain how to apply, interpret, and present the results 

of a new instrument to assess the RoB in NRS dealing with effects of environmental 

exposures on health outcomes. 

2. Overview of the instrument 

The RoB instrument for NRS of exposures is modeled after the Risk Of Bias In Non-

randomized Studies (ROBINS) for interventions (ROBINS-I) instrument. It uses an ideal 

target experiment as a reference point. Hernan et al. proposed that causal inference 

from NRS represent an attempt to emulate the ideal randomized experiment (the target 

experiment) that would answer the question of interest [5]. By using a the target 

experiment as the reference point, ROBINS moves away from a study-design directed 
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approach, i.e., using the specific design of the observational study as part of the RoB 

assessment [6]. 

In brief, the proposed RoB instrument for NRS of exposures is completed in three 

stages:  

1. Stage I: present the review question, confounders, co-interventions, and 

exposure and outcome measurement accuracy information;  

2. Stage II: describe each eligible study in relation to a hypothetical target 

experiment, including confounders and co-interventions that will require 

consideration; and  

3. Stage III, assess RoB across seven domains about the strengths and limitations 

of studies of environmental exposure.  

To distinguish between the term domain employed by the Grading of Recommendations 

Assessment, Development, and Evaluation (GRADE) framework for the assessment of 

certainty of a particular effect estimate across a body of evidence, of which the overall 

RoB is one, we refer to the instrument’s domains from here on as ‘items’. The seven RoB 

items are: 1) bias due to confounding, 2) bias in selection of participants into the study, 

3) bias in classification of exposures, 4) bias due to departures from intended exposures, 

5) bias due to missing data, 6) bias in measurement of outcomes, and 7) bias in selection 

of reported results. Judgments for each RoB item can be: ‘Low RoB’, ‘Moderate RoB’, 

‘Serious RoB’, and ‘Critical RoB’. In order to reach a judgment for each RoB item, the 

rater answers first one or more signaling questions with ‘Yes’, ‘Probably yes’, ‘Probably 
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no’, or ‘No’. The answer should be based on the information available in the individual 

study and be justified in an accompanying free-text field. Similarly, an overall judgment 

about the bias in an individual study is either ‘Low RoB’, ‘Moderate RoB’, ‘Serious RoB’, 

and ‘Critical RoB’.  

Previously published guidance for the ROBINS-I instrument proposes that the study-

level RoB should be the most concerning level among the RoB items for that study, 

unless raters determine the study-level RoB to be more severe because of compounded 

risks than an individual RoB item [7]. Identifying RoB per item and per individual study 

allows systematic-review authors to explore the possible influence of lower versus 

higher RoB studies on the pooled estimates of effect from a synthesis of studies [8]. Of 

note is that the study-level risk of bias is assessed for each outcome in a study, as such, 

study RoB could vary by the outcomes (e.g. subjective outcomes may have different 

biases than for objective outcomes). Therefore, the RoB instrument for NRS of 

exposures would need to be completed for all relevant outcomes. 

Systematic-review authors can then use the RoB instrument as part of the assessment 

of the certainty of the body of evidence using the GRADE framework. Within the GRADE 

framework, RoB is one domain for assessing the certainty of evidence (CoE), the others 

being inconsistency, indirectness, imprecision, publication bias, magnitude of effect, 

dose-response gradient, and plausible opposing residual confounding [2]. When 

assessing the CoE from NRS, the evidence previously entered GRADE with an initial 

certainty of ‘Low’. However, since the RoB instrument for NRS of exposures takes into 

account lack of randomization, evidence would not be automatically rated down. 
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Therefore, bodies of evidence of any study design will undergo a detailed RoB 

evaluation without the influence of study-design labels. All included studies within the 

bodies of evidence will start at the same ‘High’ initial certainty within GRADE. NRS will 

typically be more likely to be rated down for RoB based on increase potential for bias 

when compared with randomized controlled trials (RCTs) [6].  

When conducting a systematic review, results from the study-level RoB instrument for 

NRS of exposures assessment can be synthesized to inform judgments about overall 

RoB; however, guidance on the application of the RoB instrument for NRS of exposures 

does not exist. This article provides initial guidance and procedural steps for the 

application of the RoB instrument for NRS of exposures to individual studies and across 

a body of evidence to reach an overall RoB judgment in the GRADE framework [9]. 

Although the RoB instrument for NRS of exposures is still being refined in consultation 

with a diverse group of subject matter experts, we highlight a number of important 

procedural questions that have been identified during the course of developing this 

version. Thus, dissemination of our experience in implementing a RoB instrument for 

NRS of exposures should facilitate future testing and clarify intended usage of the tool.  

3. Approach when conducting systematic reviews for 

studies of exposure 

We previously described the development of the RoB instrument for NRS of exposures 

[10]. In addition to this effort, we have solicited broader input on this instrument at 

workshops held at GRADE Working Group meetings in March 2015, October 2015, and 
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April 2016; during a meeting to develop ROBINS of Exposures (ROBINS-E; an instrument 

based on the RoB instrument for NRS of exposures and ROBINS-I) in January 2017; and 

at the Global Evidence Summit in September 2017. These workshops have led to further 

refinement and pilot-testing of ROBINS for exposure.   

Figure 1 presents a schematic of how the RoB instrument for NRS of exposures 

instrument fits into the systematic-review process. It illustrates steps for evaluating the 

RoB of individual studies in a review and integrating the results across a body of 

evidence into the GRADE evidence-assessment framework. For each outcome in the 

review, authors of systematic reviews would go through Stages II and III, and GRADE. 

3.1. Complete Stage I of the RoB instrument for NRS of exposures 

3.1.1. Define the research question 

This process begins with the clarification of a research question. For questions about 

unintentional interventions, i.e., exposures, namely the environmental and occupational 

type, the research question is formatted as a PECO (population, exposure, 

comparator(s), and outcomes) question [10, 11]. We demonstrate this in the following 

example about noise-level exposure and hearing loss. Understanding the relationship 

between decibel (dB) level exposure and hearing loss informs the PECO. “In shift 

workers, what is the effect of 80 dB of sound intensity or greater compared to less than 

80 dB on hearing loss and other outcomes?”, where the exposure is ≥ 80 dB and the 

comparison is < 80 dB. 
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Because the RoB instrument for NRS of exposures is set up as a comparison between 

groups that can be exposed or not, or with different levels of exposure, it is necessary to 

clearly identify what is the exposure and what is the comparison. In some situations, not 

all information needed to formulate a PECO is available. There are at least five 

paradigmatic scenarios to facilitate formulating and defining the “E” and the “C” within 

the PECO: 1) select the comparator based on what exposure cut-offs (e.g., thresholds, 

levels, durations, ranges, means, medians, or ranges of exposure) can be achieved 

through an intervention; 2) use existing exposure cut-offs associated with the known 

health outcomes of interest; 3) when only the exposure for a population is known, use 

cut-offs from external or other populations (may come from other research); 4) use cut-

offs defined based on the distribution in studies identified in the review; and 5) explore 

the shape and distribution of the relationship between the exposure and outcome (e.g., 

risk of the health outcome from an incremental increase in the exposure) [12]. 

Researchers should be transparent about which of these recommendations they are 

addressing with their PECO and ensure that the exposure and comparator(s) are 

explicitly defined.  

Our paradigmatic PECO scenarios suggest that when the pervasiveness and 

unintentional nature of the exposure make ‘no exposure’ unlikely or unfeasible, the 

comparator will be a different level of exposure [12]. For example, if presented with a 

policy request to determine at what cut-off should occupational noise exposure be 

limited to in order to prevent hearing loss among shift workers, the sensible comparison 

may be an alternative dB level, since a comparison of ‘no noise’ is unachievable. The 
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objective is to determine a comparison where the rater will be able to distinguish 

between persons who have received different levels of exposure (e.g., more exposure 

than the minimum). Raters and topic-specific experts should take into consideration 

how willing they are to accept certain cut-offs used to differentiate between compared 

groups. If cut-offs are not known, one of the other scenarios for the PECO will apply. 

The example of determining the relationship between dB exposure and hearing loss for 

persons exposed to less than 20 dB introduces an additional concept of “study 

sensitivity” (i.e., the ability of a study to detect a true effect or hazard) [13]. In the 

situation of dB exposure, the spread/range of the exposure and a health outcome 

(hearing loss) is known to be broad; therefore, we understand that comparing the 

effects of dB levels between 1 and 20 will fail to demonstrate a difference in hearing loss 

that would exist for higher levels or wider intervals. However, if we compare ≥ 80 dB to 

˂ 80 dB, we would have greater confidence in the ability to detect a true effect. For rare 

exposures or exposures with less information about the level, duration, frequency, or 

probability of exposure, the inability to detect a true effect cannot be excluded if the 

exposure levels are narrow. 

3.1.2. Identify confounders, co-interventions, and measures of exposures and 

outcomes 

In Stage I, review authors complete free-text fields to list confounders and co-

interventions that are associated with both the exposure and outcome. In addition, 

review authors complete fields on the accuracy of the exposure and outcome 

measurements. These sections can be populated by any knowledgeable member of the 
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review author team. Working through these sections, raters respond to signaling 

questions in the confounding, participant selection, and exposure measurement items. 

Consideration of these issues may also illuminate when sources of indirectness may 

occur [10]. For example, the review team may identify that one of their outcomes is 

body weight; however, studies may measure waist circumference (and measure it 

accurately within the study) to inform the outcome of body weight. The review team 

may determine waist circumference to be an indirect measure of weight. 

We present the text used in the review-level protocol for an example on bisphenol-A 

(BPA; comparing highest and lowest levels of exposure to BPA) in Appendix A. The PECO 

being: “What is the effect of highest levels vs. lowest levels of BPA exposure on body 

weight?” We reviewed published literature, as well as consulted with topic-specific 

experts, to determine the final set of responses to the Stage I fields. For some 

exposures, a public database of confounders for measures of environmental exposures 

and health outcomes (i.e., PhenX Toolkit; https://www.phenxtoolkit.org/) may provide 

additional information. 

3.2. Complete Stage II of the RoB instrument for NRS of exposures 

for presumably eligible studies 

3.2.1. Construct the target experiment 

At this point, the studies that meet the eligibility criteria of the review have been 

identified. The RoB instrument for NRS of exposures will need to be completed for each 

relevant outcome within each study. In Stage II, reviewers construct a study-specific 

target experiment (i.e., ideal hypothetical RCT) to mimic it, by specifying the exposure 

https://www.phenxtoolkit.org/
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and comparator in the study, exposure thresholds, outcome-specific confounders, and 

health outcome measurements. As explained in previous GRADE guidance for the use of 

ROBINS-I, establishing the target experiment provides a structured comparison (i.e., 

along an absolute scale) with a reference study that is presumably at the lowest RoB [6]. 

It then allows RoB assessment of individual studies and across studies at a later stage 

against the lowest possible bias that research could yield for the question at hand. Also 

in Stage II, the reviewer records how the individual studies measured the exposure and 

health outcome. The information recorded in Stage II informs the RoB judgments made 

in Stage III. 

For example, we consider our review on BPA and weight. The PECO of the review 

compares a higher to a lower level of BPA exposure. In Stage II, we determine the target 

experiment for an included study (Appendix B). Based on the study by Carwile & 

Michels, the target experiment would be framed as: “In the general adult population, 

what is the effect of exposure to BPA highest levels (quartile 4: ≥ 4.7 ng/mL) compared 

to BPA lowest levels (quartile 1: ≤ 1.1 ng/mL) on body weight?” In this situation, we 

compared two exposure cut-offs to determine the effect on the outcome of body 

weight, as measured within the study as obesity.  

Confounders must be explored in each individual study determined eligible for the 

review, as each study may introduce different confounders (e.g., the review question 

may be about the general population, but the study includes only industrial workers 

which may introduce additional confounders, such as exposure to other chemicals – 

note that it may have impact on judging indirectness, too). In Stage II, the reviewer 
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makes a judgment as to the potential magnitude and direction of the impact of the 

confounding on the effect estimate. For example, when examining the effect of BPA on 

body weight, consumption of processed foods is considered a confounder as it both 

increases the participants’ exposure to BPA through food packaging and increases 

overall caloric intake [14]. We present the completed Stage II sections for two studies 

from our BPA and obesity example: Carwile & Michels, 2011 and Harley et al., 2013 

(Appendices B & C) [15, 16]. 

3.2.2. Identifying sources of indirectness to integrate within GRADE and their 

relation to risk of bias 

While establishing the target experiment in Stage II, individuals may identify studies that 

present evidence different from the PECO question (i.e., a restricted version of any 

concept) [17]. For example, consider again the review of hearing loss due to noise 

exposure. Studies with only shift workers may be considered indirect evidence for 

effects in the general population. Studies reporting on waist circumference may be 

considered indirect evidence for the measure of the exposure. Sources of indirectness 

may also come from studies that do not have a comparison (and therefore results would 

be compared to an external control or comparator) or when using surrogate measures. 

While the review team may decide to include this study in the review, when evaluating 

the evidence within GRADE differentiation between the domain of risk of bias and 

indirectness may be rather nuanced.  

When formulating the target experiments in Stage II, for some reviews, authors may 

decide that studies that do not make a comparison could be included (i.e., only the 
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effects of the exposure are provided, such as in a case report or case series). In such 

studies, an indirect comparison, such as a historical control (e.g., lung-cancer mortality 

before the introduction of coal-fueled factories) of a population without that exposure 

from another study could be used as the comparison. Studies for which there is an 

indirect control have higher RoB given the expected imbalance between prognostic 

factors that predict outcomes (i.e., confounders).  

Subsequent considerations about RoB when using indirect evidence in a review require 

critical evaluation of misclassification of the exposure. While it is important to recognize 

the potential for more serious bias in classification of exposure when using an indirect 

comparison, there are situations in which they may present less risk because of clearly 

delineated exposure and comparison groups (if the exposure measurement methods 

are reliable and valid). For example, one study potentially eligible for inclusion in the 

BPA and body weight review presents a single mean estimate of BPA (2.27 ng/mL ± 0.32 

ng/mL) [18]. This aggregated exposure measurement prevents an in-study comparison 

of highest vs. lowest levels of BPA. Since the study does not provide disaggregated data 

for a comparator group, one option is to identify a comparator from an external source, 

such as a historical control presenting a BPA and body weight group outside of the 

values in the eligible study (e.g. an estimate lower than 2.27 ng/mL). If the comparator 

BPA levels are exclusive of those in the eligible study, most likely misclassification of the 

exposure levels will not be a concern provided pre-analytic and analytical validity of 

respective BPA assays in terms of sampling, storage conditions, and assay properties are 

judged to be comparable between the two sources of evidence. If there is uncertainty 
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about whether or not the range of BPA exposure levels overlaps, then misclassification 

of the exposure may be more of a concern. Also, the instruments used to measure the 

exposure can inform the risk of misclassification, which may introduce greater bias as 

they may be less comparable.  

Similarly, studies identified for the review may use exposure measures indirect to those 

identified in the PECO, i.e., surrogate measures. Within the BPA example, we were 

interested in the amount of BPA consumed; however, an oral measure of BPA was not 

obtainable. Therefore, we accepted studies presenting a urinary measure of BPA (uBPA). 

Further exploration of the literature and consultation with topic-matter experts 

confirmed uBPA as a direct, reliable, and accurate measure of oral BPA; however, the 

measurement of BPA exposure level based on a participant’s job title (e.g. cashier) 

would be indirect [19]. Extrapolating BPA exposure levels based on a participant’s job 

title may also introduce a risk to bias based on specific prognostic factors or the ability 

to differentiate between the levels of exposure. 

3.3. Complete Stage III of the RoB instrument for NRS of exposures 

assessment for eligible studies 

Raters evaluate eligible studies and determine RoB by responding to signaling questions 

across the seven RoB items listed previously. Appendices D & E present summaries from 

two studies addressing BPA and body weight (as measured by prevalent overweight and 

prevalent obesity). We present judgments across the RoB instrument items for NRS of 

exposures in a RoB matrix for all eligible studies in Table 1.  
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Due to the lack of randomization and unintentional nature of the exposure, studies will 

typically be judged as ‘Serious’ RoB within the item of bias due to confounding, but also 

may often be judged as ‘Serious’ due to selection of participants, and measurement of 

exposure. While RoB items 4-to-7 are similar to those used to evaluate RCTs [7, 20], bias 

due to confounding, selection of participants, and classification of the exposure present 

considerations unique to studies of exposures [10]. Below, we highlight some of these 

nuances and how raters can address them in their item and study-level RoB judgments. 

3.3.1. Bias due to Confounding  

Three situations are common when evaluating bias due to confounding for 

environmental exposures: 1) the evaluation of cross-sectional studies; 2) considerations 

of large effect or opposing residual confounding, and 3) assessing the impact of 

unmeasured confounding.  

When considering bias due to confounding, cross-sectional studies present a situation 

that can impact the item-level RoB judgment. This is because we are unable to evaluate 

time-varying confounding and it makes the measurement of the effect of known 

confounders more difficult. We present two examples from the BPA and weight review. 

While Carwile & Michels adjusted for all critical confounders, the measurement of 

exposure and outcome at one time point lowers our certainty that confounders (e.g. 

dietary preference for canned food) are not responsible for any observed association 

(Appendix D) [15]. In this specific study, the data collection point is part of the National 

Health and Nutrition Examination Survey (NHANES), a nationally-representative dataset 

with years of prior data collection, therefore providing supplemental information about 
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the adjustment of confounders. In contrast, within that review, neither Li nor Wang 

provide that same level of information about the data collection, therefore presenting 

“Critical” bias due to confounding (Table 1) [21, 22]. 

Studies judged as biased due to confounding with evidence of a large effect or opposing 

residual confounding may not require the most severe RoB item-level judgment. This is 

due to the magnitude of the effect outweighing the size of the bias that we have 

observed or that all plausible biases go in a direction that would have reduced the 

observed effect or increased the observed lack of effect. These two factors are typically 

considered within the GRADE evidence assessment for NRS as a method of increasing 

the CoE; however, within the RoB instrument for NRS of exposures they may also 

influence the study-level judgments [23]. To demonstrate this situation, we present an 

example on smoking and lung cancer-related mortality [24, 25]. A prospective cohort 

study compared lung cancer-related mortality rates among smokers and non-smokers 

[25]. Although there are some concerns with confounding due to residual and 

unmeasured confounders, such as occupational or air pollution exposures, the large 

magnitude of effect (30 times greater mortality rate due to lung cancer among persons 

smoking 25 or more cigarettes vs. non-smokers) warrants a less severe RoB item-level 

judgment of ‘Low’ or ‘Moderate’, instead of ‘Serious’ for the RoB item of confounding 

[25]. In this example, the large magnitude of effect reduces our concern that the effect 

is spurious [26]. This is how the concepts of magnitude of effect and opposing residual 

confounding would be incorporated into the individual study-level RoB instrument for 

NRS of exposures assessment. In addition, exploratory research conducted since the 
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time of publication has suggested no correlation between occupational exposures to the 

10 most common exposures (i.e., sulfur dioxide, welding fumes, engine emissions, 

gasoline, lubricating oil, solvents, paints/varnishes, adhesives, excavation dust, and 

wood dust) and smoking history [27]. This exploration into the relationship between 

exposures and our outcome of interest reduces our concern for potential residual and 

unmeasured confounding due to other occupational or air pollution exposures even 

more. 

3.3.2. Bias due to Misclassification of Exposure 

In studies of exposure, there is a particular concern with distinguishing between the 

exposed and reference groups, as measuring exposure is difficult. To continue with the 

example of BPA and body weight, the review team and topic-specific experts note the 

accuracy of the measurement of exposure requires multiple measurements (cited here 

from five-to-13 repeated measurements) at different time points, due to the non-

persistent nature of BPA in the body [28]. If an individual study uses fewer than the 

recommended number of samples, or since diagnostic accuracy of BPA with the 

collection of between five and 13 samples only yields ≥ 0.80 sensitivity and specificity 

depending on level of exposure (small, moderate, high), there are concerns for non-

differential misclassification (i.e. random error) potentially conflating participants in the 

exposure and comparator groups, likely leading to little difference in the outcomes (i.e. 

bias toward the null). When considering two studies measuring exposure to BPA, for 

Harley, there is less of a concern about non-differential misclassification because at least 

four samples were collected from each participant (Appendix E) [16]. While the number 
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of samples increases our certainty in the correct classification of the higher exposed and 

lower exposed groups, the number is still not enough and we still have serious concerns 

about the correct classification of the exposure groups in some studies. In Carwile & 

Michels, participants provided only one sample (Appendix D) [15]. The single sampling 

method used in Carwile & Michels decreases our certainty that the higher exposed and 

lower exposed participants can be accurately distinguished. Both studies introduce risk 

due to the misclassification of the exposure levels because neither meet the minimum 

recommended required number of samples. Returning to figure 1, in their protocol, 

review authors could have specified to exclude such studies a priori or identified this risk 

of bias item as a reason to conduct a sensitivity analysis (see below). 

3.4. RoB judgments for an individual study for an outcome 

Per study, the most critical of the RoB item-level judgments determines the study-level 

RoB, unless raters determined the study to have more severe RoB based on a 

combination of RoB judgments across items. We demonstrate this with our example of 

BPA and weight in Table 2. This approach relies on individuals critically evaluating the 

rationale and direction of the bias. For example, if more than one RoB items within a 

study were rated as serious RoB but no RoB items were of critical RoB, then the study-

level RoB could either be serious or could be critical if the consideration of all serious 

ratings leads to greater concern than would be expressed by a rating of serious on the 

study level. Raters should justify this assessment. 

3.5. Sensitivity analyses and overall RoB across studies 
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Sensitivity analyses allow for the exploration of heterogeneity across a body of evidence 

to determine if there are concerns with including studies with certain RoB [29]. The 

objective is to identify different sources of bias that might influence variability in the 

effect estimate. The variability introduced by RoB items may inform whether a subgroup 

of studies, rather than the whole body of evidence, best informs the research question. 

The approach to conducting sensitivity analyses (not to be confused with the sensitivity 

of a study) should be specified at the protocol stage of the systematic review. For 

example, studies deemed critical in the domain of Bias due to confounding may result 

from unadjusted analyses of covariates. If a body of evidence includes studies with 

adjusted and unadjusted analyses, a sensitivity analysis could compare the estimates of 

effect for the adjusted (removing those studies not adjusting for covariates) and the 

total pooled estimate. If the effect estimates are not robust and differ between analyses 

(e.g. confounding may have an influence on the results), then review authors might 

consider whether to exclude the studies with unadjusted analyses. However, if the 

effect estimates do not differ (e.g. confounding has no influence on the results), then 

the unadjusted studies may remain in the analysis because the suspicion of confounding 

is not corroborated. In these instances when the effect estimate is similar across studies 

then authors could consider updating the individual study level ratings to indicate low 

risk of bias for the item and include the rationale that the sensitivity analysis showed no 

effect of the risk of bias on the results.   

Using BPA as an example, we compared studies for the outcomes of prevalent 

overweight and prevalent obesity at higher and lower RoB in sensitivity analyses 
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(Appendices F & G). The sensitivity analysis for the outcome of prevalent overweight 

resulted in a difference between the effect estimates, demonstrating that bias due to 

confounding impacted the pooled estimate; therefore, the judgment would be reflective 

of the more severe RoB (Table 3). An additional option would be to only show results 

from Harley, Eng, and Carwile in the GRADE evidence assessment. In contrast, the 

sensitivity analysis of studies reporting on prevalent obesity demonstrated similar effect 

estimates (Appendix G). In this situation, all studies reflect the less serious RoB 

judgment (Table 4). 

3.6. Integration of RoB judgment across a body of evidence into 

GRADE assessment 

The overall rating of RoB across the body of evidence for an outcome is integrated into 

the GRADE assessment similar to what has been previously described for the result of 

RCTs and observational studies [8]. In addition, we described situations where 

indirectness may be captured in Stages I or II within the RoB instrument for NRS of 

exposures, but would be integrated in the overall assessment of the evidence. When 

evaluating RoB using ROBINS-I and the RoB instrument for NRS of exposures, studies 

start at ‘High’ initial CoE within GRADE. For the example of BPA and its effect on weight, 

we present the outcomes of prevalent overweight (i.e., body mass index [BMI] ≥85th 

percentile for age/gender in children; BMI 18.5-25/30 kg/m2) and prevalent obesity 

(BMI ≥95th percentile for age/gender in children; BMI ≥25-30 kg/m2) in a GRADE 

evidence profile (Table 5). It is across this body of evidence that we look for evidence of 

the three factors (magnitude of effect, dose-response gradient, and opposing residual 
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confounding) considered in the past as mechanisms to upgrade the quality of the 

evidence for NRS within GRADE [23]. The BPA example does not demonstrate any 

situation which may lead to a less severe RoB judgment. Across the body of evidence for 

prevalent overweight, our RoB based on the RoB instrument for NRS of exposures 

evaluation and sensitivity analysis is ‘Critical’, necessitating rating down three levels for 

RoB. In addition, we rate down for imprecision because the effect includes both benefit 

and harm. Our final certainty for this outcome would be ‘Very low’. Across the body of 

evidence for prevalent obesity, our RoB is ‘Serious’; therefore, we rate down two levels 

for RoB. There are no other GRADE domains that we would rate down for. Our final CoE 

would be ‘Low’. 

4. Discussion 

The RoB instrument for NRS of exposures presents a novel, standardized and structured 

instrument for assessing individual studies and across studies in a systematic review. We 

present an overview of the process, using examples to demonstrate specific issues 

encountered when formulating the PECO for the review, outlining a target experiment 

for an individual study, evaluating bias in individual studies, and summarizing judgments 

across the body of evidence. We highlight the need for critical appraisal of the RoB 

judgments, including situations within individual studies and across a body of evidence 

when the judgments may be less severe. In addition, we present sources of indirectness 

identified in eligible studies that would inform the GRADE evidence assessment. We also 
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present the steps for integrating the RoB across a body of evidence into a GRADE 

evidence profile.  

4.1. Advantages and disadvantages of using the RoB instrument for 

NRS of exposures approach 

Some challenges remain, specifically when defining the target experiment and making 

judgments at the study and body of evidence level. The major limitation of identifying a 

target experiment question is that much of the research on environmental health 

exposures is still trying to assess the potential link with a human health hazard. Defining 

a specific comparison to an exposure presents a challenge, as there may be a paucity of 

evidence to support the distinct exposure and comparator. However, we utilize our 

work on defining appropriate questions and present five scenarios to facilitate the 

identification of an exposure and comparator [12]. In addition, the best available studies 

to inform a review may only present data on one exposure category. In this situation, 

raters can draw on sources of comparative exposure data, such as historical controls, 

ideally summarized in a systematic review. 

Interrater reliability has not yet been measured, however, the purpose of the RoB 

instrument for NRS of exposures is not to reach the same judgment and across studies, 

but instead to justify the judgements and make the judgements transparent. We 

present several examples when using the RoB instrument for NRS of exposures; 

however, more examples are needed to highlight nuances of this instrument when 

applied by and across studies. 
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Based on concerns from systematic-review authors and guideline developers in the 

environmental health field, the RoB instrument for NRS of exposures is the first to 

evaluate bias using a standardized comparison to a target experiment. Although the risk 

of bias in individual and across studies will not change, this approach allows the body of 

evidence to start at ‘High’ initial CoE in the GRADE framework, potentially improving 

acceptability of this instrument and the use of GRADE for environmental decision-

making assessments.  

4.2. Relation to other studies 

This is the first article describing examples from systematic reviews using the RoB 

instrument for NRS of exposures to evaluate the RoB across a body of evidence for a 

specific outcome. We present one option of a RoB matrix displaying the RoB study- and 

item-level judgments. In addition, we present examples of when an individual and a 

body of evidence RoB judgment may be improved (determined to be a less severe RoB) 

based on further exploration of residual and unmeasured confounding. We highlight the 

value added by performing sensitivity analyses with the body of evidence to explore 

sources of bias.  

The application of ROBINS-I for RoB assessment across a body of evidence is undergoing 

further development, as are the procedures for interpreting RoB within the GRADE 

approach when NRS are compared to RCTs as in the RoB instrument for NRS of 

exposures or ROBINS-I [6]. Collaboration between the developers of the RoB instrument 

for NRS of exposures and these projects allows for an iterative approach to methods 

advancements.   
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4.3. Implications for stakeholders using the RoB instrument for NRS 

of exposures 

Evaluating the RoB across the body of evidence for an outcome informs one domain 

within the GRADE framework’s evidence assessment contributing to the understanding 

about the overall CoE. The RoB instrument for NRS of exposures allows systematic-

review authors and guideline developers the opportunity to start at ‘High’ initial CoE 

within GRADE. Using this instrument should not result in a final certainty distinct from 

the prior approach of starting NRS at ‘Low’ initial CoE within GRADE because the 

conceptual underpinnings are the same. However, the approach does not rely on often 

poorly defined study labels and is more transparent. Indeed, users may prefer 

investigating the relationship between rating down for imbalances due to confounders, 

selection bias, or misclassification of the exposure instead of starting at ‘Low’ initial CoE 

as a general judgment about these items. The process and examples outlined in this 

manuscript provide guidance for researchers and guideline developers using evidence 

about exposures to inform their systematic reviews and decision making.  

4.4. Unanswered questions and future research 

While we present situations of where magnitude of effect and opposing residual 

confounding may decrease our concerns about bias within both individual assessments 

and across the body of evidence, more exploration of the role of dose-response is 

needed. Future research should provide examples of how to incorporate dose response 

into an assessment using the RoB instrument for NRS of exposures. 



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

123 
 

5. Conclusions 

The RoB instrument for NRS of exposures provides a novel approach for evaluating RoB 

of exposures. Determining the RoB across a body of evidence is critical to inform 

decision making about environmental health exposures. We present guidance and 

examples for systematic-review authors and guideline developers to follow when using 

this instrument.   
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Figure 1.  

  

Figure 1. Approach for conducting an assessment using the RoB instrument for NRS of 

exposures and the integration into GRADE when conducting systematic reviews of 

exposure.  
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Table 1. 

 

 

Table 1. Risk of bias matrix presenting judgments for exposure to highest BPA versus 

exposure to lowest BPA on the outcome of weight. 

  



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

133 
 

Table 2. 

 

 

Table 2. Risk of bias matrix presenting study-level judgments for exposure to highest 

BPA versus exposure to lowest BPA on the outcome of prevalent overweight and 

prevalent obesity.  
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Table 3. 

 

 

Table 3. Risk of bias matrix presenting item-level judgments for exposure to highest BPA 

versus exposure to lowest BPA on the outcome of prevalent overweight. 
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Table 4. 

 

 

Table 4. Risk of bias matrix presenting item-level judgments for exposure to highest BPA 

versus exposure to lowest BPA on the outcome of prevalent obesity. 
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Table 5. 

 

Table 5. Exposure to BPA on the outcome of birthweight GRADE evidence assessment. 
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Appendix A. Stage I of the RoB instrument for NRS of exposures for the PECO: “What is 

the effect of highest levels vs. lowest levels of BPA exposure on weight?” 

Stage I Items Response 

Confounding 
for BPA and 
obesity 

• Body composition (age, ethnicity, gender, height, race);  

• Weight (age, gender);  

• Waist circumference (age, gender);  

• Body mass index (age, ethnicity, gender, race); 

• In addition, consumption of canned or packaged food and drink 
(“processed” food) that is also energy dense and low-nutrient (e.g., soda) 
is a significant confounder because food packaging is a main source of 
exposure to BPA. 

• Co-exposures: There may be some concern for co-exposure to certain 
phthalates used in food packaging that have also been linked to obesity. 
However, phthalates are used in different types of food packaging than BPA 
(plastic wraps versus canned lining and polycarbonate materials). No other a 
priori co-exposures of particular concern are identified for general 
population studies. There may be some co-exposures that need to be 
considered in occupational studies and these should be assessed on a case 
by case basis if discovered. 

Co-
interventions 

• None identified 

Accuracy of 
the 
measurement 
of exposure to 
BPA (CAS# 80-
05-7) 

• BPA is a non-persistent compound (near 100% elimination within 24 
hours after oral exposure, possible longer elimination time from non-oral 
exposure but on order of days), so blood and urine measures only assess 
recent exposure. This means current exposure levels may NOT be 
indicative of past exposures. This is problematic for assessment of BPA as 
a risk factor for health outcomes that are not acute and take time to 
develop like obesity. 

• BPA measures are variable over time in the same person (even during the 
same day) so methods that utilize repeated measures of exposure are 
preferred. Some experts on BPA exposure assessment express less 
concern for lack of repeated measures for NHANES data because it is a 
large sample survey of the general population. 

• Standard analytical measures: Measurement of urine or blood by 
quantitative techniques such as liquid chromatography-triple quadrupole 
mass spectrometry (LC-MS/MS) and high-pressure liquid chromatography 
with tandem mass spectrometry (HPLC/MS) are preferred. Measurements 
made at CDC are considered high-quality.  

• Measures to minimize sample contamination with BPA should be taken 
(e.g., glass pipettes, polypropylene plastic lab ware and sample collection 
materials, water blanks). 

• Measures of unconjugated BPA in blood need to be very carefully 
considered based on extent to which investigators controlled for 
background exposures. 



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

139 
 

  

• Questionnaire or self-reported measures of BPA exposure are more 
problematic due to the ubiquity of exposure and lack of knowledge on all 
possible routes of exposure, e.g., thermal paper, certain pharmaceuticals. 
However, there is some support for an association between higher 
urine/blood levels of BPA and higher reported use of BPA-containing food 
packaging (e.g., canned food consumption) or handling of BPA-containing 
thermal paper (cashiers) so questionnaire data that assess these types of 
exposure sources may have some utility in assessing longer-term time 
trends in exposure. 

Accuracy of 
the 
measurement 
of outcome of 
obesity 

• Body Composition: Dual-energy X-Ray absorptiometry, triceps skinfold 
thickness, subscapular skinfold thickness, suprailiac skinfold thickness 

• Measured waist circumference 

• Body mass index  

• Measured weight 
*Obesity typically develops relatively slowly over time so preferred follow-
up times after start of exposure would be on the order of several months to 
years. 
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Appendix B. Stage II of the RoB instrument for NRS of exposures for Carwile & 

Michels, 2011. 
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Appendix C. Stage II of the RoB instrument for NRS of exposures for Harley et al., 

2013. 
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Appendix D. Summary of Stage III of the RoB instrument for NRS of exposures and the 

direction of bias and reaching the overall bias judgement for Carwile & Michels, 2013. 

Bias items Risk of 
bias 

Direction of 
bias  

Rationale 

Bias due to 
confounding 

Serious Unknown NHANES data were used. Specific details were not 
provided in the study report, but NHANES co-
variate data were obtained from either a 
standardized questionnaire or laboratory methods 
(e.g., creatinine). The reliability/validity of the 
questionnaire was not reported, but it is not 
expected to appreciably bias the results. Most of 
the critical confounders were considered 
statistically, but there is possibility of residual 
unmeasured (and unidentified) confounding. For 
the most part, although certain post-exposure 
variables are relevant to evaluating obesity (e.g., 
caloric intake), there is little information on the 
association of these variables to BPA exposure. 
No indication that time-varying confounding is a 
major concern given the cross-sectional nature of 
the study. 
Critical confounders (age, gender, and ethnicity) 
were accounted for in the analysis. Model 1 was 
adjusted for age, sex, and urinary creatinine. Model 
2 was adjusted for race, education, and smoking in 
addition to Model 1 covariates. 

Bias in 
selection of 
participants 
into the 
study 

Low N/A Study is cross-sectional. Subjects were randomly 
selected from NHANES subjects with urinary BPA 
data available using the same criteria. Selection of 
subjects was unrelated to either exposure or 
outcome. 
While there is no information on start of exposure, 
everyone is exposed to BPA throughout their life, 
but the levels will change over time. Although BPA 
is ubiquitous, start of exposure and how exposure 
changes over time are not known. Timing of 
recruitment was similar (2003-2006), but given that 
the age ranged from 18 to 74 years, exposure could 
range by more than a decade. 

Bias in 
classification 
of exposures 

Critical Concerns of 
bias toward 
the null due 
to non-
differential 
misclassifica

Urinary BPA concentration was measured in 1 spot 
sample from each participant. The lower limit of 
detection (LLOD) was 0.36ng/ml in 2003/04 and 
0.4ng/ml in2005/06. For BPA concentrations below 
the LLOD (2003/04: n=110/1373 [8%]; 2005/06: 
n=114/1374 [8%]) NHANES assigned a value of the 
LLOD divided by the square root of two. BPA is a 
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tion of the 
exposure. 

non-persistent compound and exposure measures 
were not repeated. Therefore, there is no 
confidence that the current exposure reflects 
exposure over the subject's life time or even over 
any duration of time. Because this population is 
obtained from NHANES some experts consider the 
lack of repeated measures to be less of a concern 
because it is a large survey of the general 
population (this cross-sectional study had a 
population of 2747 adults). 
Exposure was measured at same time as outcome, 
but participants were likely exposed throughout 
life due to BPA being a ubiquitous exposure. 
Therefore, it is unlikely that entry into the cohort 
started with the exposure. 
Cross-sectional analyses with both BPA exposure 
and weight, height, and waist circumference used 
to define obesity assessed simultaneously. 
Urine samples were obtained at the time that 
obesity measurements were obtained and 
analyzed later in a laboratory separate from where 
the data were collected. In addition, NHANES 
collected data on a variety of compounds and 
health effects without knowledge of the intent for 
this current study indicating that exposure status is 
not likely to be biased by knowledge of the 
outcome. 
The range/variability in exposure was likely 
sufficient with a 25th to 75th percentile range of 
1.18 to 3.33 ng/mL urinary BPA ng/mL and 
quartiles ranging from <1.1 ng/mL to >4.7 ng/mL. 
However, we are not confident that the subjects 
were exposed to this concentration for a long 
period of time. Lacking information on the duration 
that subjects were exposed to these levels, the 
single BPA measurement obtained at the same 
time as outcome is not of sufficient to detect an 
effect of exposure. 
Urinary BPA samples were collected at the same 
time that height, weight, and waist circumference 
were measured. Because BPA is not persistent and 
obesity is not an acute effect, there is not adequate 
follow-up period to allow for the development of 
the outcome of interest. 
Total (free and conjugated) urinary BPA 
concentrations were measured at the Division of 
Environmental Health Laboratory Sciences 
(National Center for Environmental Health, CDC) 
using online solid-phase extraction coupled to 
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isotope dilution high-performance liquid 
chromatography–tandem mass spectrometry. 
Quality control (QC) procedures included analysis 
of reagent blanks and samples of pooled human 
urine spiked with BPA at low-and high-
concentrations. Coefficients of variation calculated 
for low-and high-concentration QC samples were 
19% and 12% in 2003–2004 and 13% and 11% in 
2005–2006. Additional information on laboratory 
methods is available online (CDC, 2004b, 2006b). 

Bias due to 
deviations 
from 
intended 
exposures 

Low N/A There is little concern that changes in exposure 
status occurred among participants. Although BPA 
levels may change overtime, the cross-sectional 
nature of the study and the intention-to-treat 
analyses this is of little concern because 
participants are analyzed based on the exposure 
group they are assigned from the single 
measurement. No critical co-exposures were 
identified and nothing about the subject 
characteristics suggests likelihood of differential 
exposure to other environmental contaminants at 
lower versus higher concentrations of BPA. 

Bias due to 
missing data 

Low N/A There is no information on the missing data by 
exposure level, but it is unlikely to be related to 
exposure level. 
The missing indicator method was used for 
covariates with missing data for >=10% of 
observations, otherwise observations with missing 
covariate data were excluded. Data excluded from 
analysis did not exceed 4% and is considered 
relatively complete. 32 or 87 observations were 
stated excluded from analysis due to missing BMI 
data depending on the analysis conducted. 47 
participants were excluded based on missing 
urinary BPA measurements. There were 
observations excluded based on missing covariate 
data. The number varied with the analysis, but was 
only excluded if it was <10%. 

Bias in 
measuremen
t of the 
outcome 

Low N/A It is unlikely that the outcome could be affected by 
knowledge of exposure. Height, weight, and waist 
circumference were measured using standard 
NHANES protocols (not described in the 
publication, but available on NHANES website). 
Body mass index was calculated (weight 
(kg)/height (m)2). The specific measurements 
would not be affected by knowledge of exposure, 
and it is unlikely that the calculation or assignment 
into obesity category would be affected by 
knowledge of exposure. 
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Carwile JL, Michels KB: Urinary bisphenol A and obesity: NHANES 2003–2006. 
Environmental research 2011, 111(6):825-830. 
  

Specific methods were not reported in the study 
report, but are provided on NHANES website. 
Height and weight are likely sensitive 
measurements with waist circumference likely 
slightly less sensitive. Height, weight, and waist 
circumference were measured by trained 
technicians using a standardized protocol. Method 
details, including QA/QC procedures, are available 
on the NHANES website. BMI was calculated as 
weight in kilograms divided by height in meters 
squared and used to define overweight [25.0 
<BMI<29.9] and obesity [BMI >30.0]. 
It is unlikely that any systematic error in measuring 
height, weight, or waist circumference (or in 
calculating the BMI or assigning obesity category) 
would have been related to exposure. NHANES has 
a standard protocol for measuring height, weight, 
and waist circumference that would have been 
used for all subjects. Outcome was assessed at the 
time of sample collection for exposure. Therefore, 
exposure was unknown at time of outcome 
assessment. 

Bias in 
selection of 
the reported 
result 

Low N/A Reporting of the results is consistent with an a 
priori plan and data were readily available from 
NHANES that provides all protocols for obtaining 
the data online. Results were provided for two 
measurements of obesity, which were reported in 
the methods making it unlikely that there is 
selective reporting based on outcome. Statistical 
methods reported in the methods section were 
used and presented in the results. Associations 
between urinary BPA and obesity were assessed 
for effect modification by gender, which were 
provided in the supplemental material. 

Overall bias Serious Possibly 
toward the 
null 

Overall bias was judged as Serious due to concerns 
of potential unknown confounders, unmeasured 
confounding due to the single time-point data 
collection, and concerns of non-differential 
misclassification of the exposure. 
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Appendix E. Summary of Stage III of the RoB instrument for NRS of exposures and 

the direction of bias and reaching the overall bias judgement for Harley et al., 2013. 

Bias items Risk of bias Direction of 
bias  

Rationale 

Bias due to 
confounding 

Moderate Unknown Most of the critical confounders were 
considered statistically, but there is possibility 
of residual unmeasured (e.g., diet, pesticide 
exposure) confounding. 
The study evaluated the child's BPA exposure 
throughout several points in their life. And used 
each one separately in the evaluation. 
Changes in BPA exposure could be related to 
changes in food consumption over time as BPA 
exposure is mainly through canned or 
processed food including soda, which could also 
be related to obesity. Since Harley follows 
participants over time, there is some concern 
for time-varying confounding as they may have 
changed their diet while pregnant. 
Potential confounders were identified a priori 
using directed acyclic graphs. Potential 
confounders included maternal pre-pregnancy 
BMI, age, education, years of residence in the 
United States, smoking during pregnancy, soda 
consumption during pregnancy, and family 
income. Time-varying covariates considered 
were child consumption of soda, fast food, and 
sweets, television watching, environmental 
tobacco smoke exposure, and time spent 
playing outdoors, assessed at multiple times 
during childhood. Covariates were included in 
the final models if they were associated with 
both exposure and any of the growth outcomes 
at p-value < 0.2 or if removing them changed 
the coefficient for the main BPA exposure 
variable by > 10%. Maternal age and pre-
pregnancy BMI were analyzed as continuous 
variables. Other variables were categorical. 
Mothers were interviewed twice during 
pregnancy, after delivery, and when their 
children were 2, 3.5, 5, 7, and 9 years of age to 
obtain information about demographic 
characteristics, diet, and behaviors. All 
interviews were conducted in English or Spanish 
using structured questionnaires, but no 
information was provided on reliability/validity. 
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At the baseline interview, we asked mothers 
about their race/ethnicity, education, income, 
marital status, and number of years they had 
lived in the United States, as well as information 
about soda consumption, smoking, and alcohol 
and drug use during pregnancy. We calculated 
pre-pregnancy BMI from self-reported pre-
pregnancy weight and measured height. If self-
reported pre-pregnancy weight was unavailable 
or invalid, we used measured weight at first 
prenatal visit (n = 23) if the first prenatal visit 
occurred at or before 13 weeks gestation or 
used regression models to impute pre-
pregnancy weight based on weight at all 
prenatal visits if the first prenatal visit occurred 
after 13 weeks (n = 16). 

Bias in 
selection of 
participants 
into the 
study 

Low N/A Selection of subjects was unrelated to either 
exposure or outcome. The study sample 
consisted of participants in the Center for the 
Health Assessment of Mothers and Children of 
Salinas (CHAMACOS), a longitudinal cohort 
study of environmental factors and children’s 
growth and development. Pregnant mothers 
were enrolled Selection of subjects was 
unrelated to either exposure or outcome in 
1999 and 2000 from prenatal clinics serving the 
farmworker population in the Salinas Valley, 
California. Eligible women were at least 18 
years of age, spoke English or Spanish, qualified 
for low-income health insurance, were at < 20 
weeks gestation, and were planning to deliver 
at the county hospital. Mothers provided 
written informed consent for themselves and 
their children to participate in the study. 
Start of exposure occurred in the first trimester 
and all subjects were followed through 9 years 
of age. 

Bias in 
classification 
of exposures 

Serious Some 
concern of 
bias toward 
the null due 
to non-
differential 
misclassificati
on of the 
exposure. 

Urinary BPA concentration was measured in 4 
spot samples, 2 during pregnancy and 2 from 
the child. LOD was 0.4 ng/mL. Concentrations < 
LOD for which a signal was detected were 
reported as measured. Concentrations < LOD 
with no signal detected were randomly imputed 
based on a log-normal probability distribution 
using maximum likelihood estimation. 
Initial exposure was measured during the first 
trimester of pregnancy. While this may not be 
the exact date of start of exposure it would be 
pretty close for the children. 
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Prenatal and five-year-old exposure 
measurements were taken prior to the 
assessment of BMI at 9 years. 
Exposure was assessed prior to the outcome at 
three different time points. Only one exposure 
measurement was obtained at the same time as 
the outcome. Thus, it was not possible for 
classification of exposure to have been affected 
by the knowledge of the outcome. 
The range/variability in exposure was sufficient 
(range during pregnancy 0.5 to 4.6 ng/mL and 
during childhood 0.9 to 16.3 ng/mL). Although 
BPA levels change over time and we are not 
confident that the subjects were exposed to 
this concentration for a long period of time, the 
fact that there were 4 measurements per 
subject make us more confident in the exposure 
being represented of changes over time. In 
addition, since the child's exposure was first 
measured based on mother's levels when 
pregnant, then again when the children were 5 
(4 years prior to measuring outcome) the 
duration of exposure would have been 
sufficient even if the level of this exposure was 
not consistent. BPA levels were also measured 
in the child at 9 years. However, data were not 
provided for the individual subjects to know 
how the BPA levels may have varied per 
subject. 
Children were followed up for 9 years, which 
would have been sufficient time for the 
outcome to develop. 
Spot urine samples were collected from 
mothers at two timepoints during pregnancy: 
near the end of the first (mean ± SD, 13.8 ± 5.0 
weeks gestation) and second (mean ± SD, 26.4 ± 
2.4 weeks gestation) trimester of pregnancy 
and from the children when they were 5 (mean 
± SD, 5.1 ± 0.2 years) and 9 (mean ± SD, 9.4 ± 
0.4 years) years of age. Urine samples were 
collected in polypropylene urine cups, aliquoted 
into glass vials, and frozen at –80°C until 
shipment to the CDC for analysis. Analysis of 
field blanks showed no detectable 
contamination by BPA using this collection 
protocol. Solid-phase extraction coupled to high 
performance liquid chromatography–isotope 
dilution tandem mass spectrometry to measure 
total urinary BPA concentration (conjugated 
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plus unconjugated). Concentrations < LOD for 
which a signal was detected were reported as 
measured. Concentrations < LOD with no signal 
detected were randomly imputed based on a 
log-normal probability distribution using 
maximum likelihood estimation. Specific gravity 
was measured with a refractometer (National 
Instrument Company Inc., Baltimore, MD) for 
the maternal urine samples, but was 
unavailable for the children’s samples. Thus, 
maternal concentrations were normalized for 
urinary dilution using urine specific gravity, and 
child BPA concentrations were normalized by 
dividing by urinary creatinine concentration. 

Bias due to 
deviations 
from 
intended 
exposures 

Low N/A There is little concern that changes in exposure 
status occurred among participants. Although 
BPA levels may change overtime, several 
measurements were obtained and evaluate 
separately by exposure they were assigned. 
Because each exposure was evaluated as an 
intent to treat, there is little concern about the 
potential changes in exposure. The study 
authors reanalyzed the models controlling 
separately for three important prenatal 
exposures in this population: organochlorine 
pesticides [using prenatal serum concentrations 
of dichlorodiphenyldichloroethylene (DDE)], 
organophosphate pesticides (using prenatal 
urinary metabolites of organophosphate 
pesticides), and brominated flame retardants 
[using prenatal serum concentrations of 
polybrominated diphenyl ethers (PBDEs)]. 

Bias due to 
missing data 

Low N/A Reasons for exclusion were documented and 
unlikely to differ across exposures threshold. 
Although some subjects were lost to follow-up 
and the missing data were not described by 
exposure status, the study authors conducted 
analyses that addressed loss to follow-up and 
are likely to have removed any risk of bias thus 
judged low risk of bias. There is no statement 
that participants with missing covariate data 
were excluded from analyses. There is no 
information on the missing data by exposure 
level. Although it is unlikely to be related to 
exposure level, they had the data in order to 
compare those lost to follow-up with those 
included in the analysis, but no information was 
provided. 
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Of the 527 mothers meeting the inclusion 
criteria, 402 had at least one urine 
measurement available. There were 325 
measurements in children at 5 years and 304 
available at 9 years. Of the 402 children 
included in the analysis, anthropometric 
measurements were available for 319 children 
at 5 years and 311 children at 9 years. 

Bias in 
measuremen
t of the 
outcome 

Low N/A It is unlikely that the outcome could be affected 
by knowledge of exposure.  It was not noted 
that outcome assessors were blind to the 
exposure level, but it was likely given that 
separate individuals were used to measure the 
outcome parameters than conducted the 
exposure analysis (i.e., CDC). 
The same methods were used for all 
participants at all times measured. It is unlikely 
that any systematic error in anthropometric 
measurements (or calculating the BMI or 
assigning obesity category) would have been 
related to exposure. Children were weighed and 
measured without jackets or shoes by trained 
study staff. Weight was measured using a digital 
scale and rounded to the nearest 0.1 kg. Height 
was measured using a stadiometer and rounded 
to the nearest 0.1 cm. Starting at 5 years of age, 
waist circumference was measured at each visit 
by placing a measuring tape around the 
abdomen at the level of the iliac crest, parallel 
to the floor. Height and waist circumference 
measurements were conducted in triplicate and 
averaged for analysis. When the children were 9 
years of age, fat percentage was measured 
using “foot-to-foot” bio-impedance technology 
with a Tanita TBF-300A body composition 
analyzer (Tanita Corp.). BMI was calculated as 
weight (kilograms) divided by height squared 
(square meters) and compared with the sex-
specific BMI-for-age percentile data issued by 
CDC in 2000 (National Center for Health 
Statistics 2005). Children who were ≥ 85th but < 
95th percentile for their age and sex were 
classified as overweight. Age- and sex-
standardized BMI z-scores were also generated 
using the CDC norms. These methods are 
considered sensitive. 

Bias in 
selection of 

Moderate Potential for 
bias away 
from the null. 

Reported results are consistent with an a priori 
plan; however, as no protocol was published 
prior to the study there is potential for 
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the reported 
result 

reporting bias to inflate results for publication 
success. 
Several measurements of obesity were 
evaluated and reported. These were also 
assessed at several different time periods in the 
children. Although the publication only shows a 
few of the results (both positive and negative), 
the BMI-z-scores for all ages are presented in 
the supplemental data indicating that it is 
unlikely that there was bias from selective 
reporting of outcome. Gender and age were 
evaluated as separate subgroups as described in 
the report. 
Statistical methods reported in the methods 
section were used and presented in the results 
or discussion. BPA was analyzed as categorical 
and continuous variable. 

Overall bias Moderate Unknown Overall bias was judged as Moderate due to 
concerns of potential unknown confounders, 
some concerns of non-differential 
misclassification of the exposure, and some 
concerns with bias in reported results. 
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Appendix F. Sensitivity analysis for the outcome of prevalent overweight. 

Figure F.1. Sensitivity analysis of studies with ‘Serious’ bias due to confounding 

 
 
F.2. Sensitivity analysis of all studies 

 
 

  



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

155 
 

Appendix G. Sensitivity analysis for the outcome of prevalent obesity. 

G.1. Sensitivity analysis of studies with ‘Serious’ bias due to confounding 

 
 
G.2. Sensitivity analysis of all studies 
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CHAPTER 5. RELIABILITY AND VALIDITY OF 

RISK OF BIAS INSTRUMENTS IN STUDIES OF 

ENVIRONMENTAL EXPOSURES 
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PREFACE TO CHAPTER 5 

Chapter 5. Reliability and validity of risk of bias instruments in studies of environmental 

exposures has been reviewed by all co-authors and will be submitted to Environment 

International.  
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Abstract 

Background: The Risk of bias (RoB) instrument for non-randomized studies (NRS) of 

exposures is a new tool that evaluates RoB of NRS on seven domains using a 

standardized comparison to a randomized target experiment. This instrument provides 

a more detailed RoB assessment than existing instruments.  

Objectives: To assess reliability and validity of the RoB instrument for NRS of exposures 

through comparison with other RoB instruments for exposure studies and topic experts’ 

judgments.  

Methods: We evaluated interrater reliability of the RoB instrument for NRS of exposures 

in 35 studies with three raters and three commonly-used RoB instruments for exposure 

studies: Newcastle-Ottawa Scale (NOS), and tools used by the National Toxicology 

Programs’ Office of Health Assessment and Translation (OHAT), and Office of the Report 

of Carcinogens (ORoC). We also assessed the instruments’ validity by calculating 

correlation coefficients between instruments and burden comparing it against 28 

experts’ global judgment of RoB. 

Results: The RoB instrument for NRS of exposures demonstrates substantial interrater 

reliability (intraclass correlations, ICC = 0.73; 95% CI: 0.53-0.85). Other instruments 

showed comparable ICCs: NOS = 0.89 (95% CI: 0.80-0.94); OHAT = 0.80 (95% CI: 0.64-

0.89); and ORoC = 0.70 (95% CI: 0.47-0.84). The RoB instrument for NRS of exposures 

also appears valid (r = 0.71 to 0.90) compared to ratings on other RoB instruments and 
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28 topic expert global judgements. However, the RoB instrument for NRS of exposures 

requires more time for completion. 

Conclusions: The RoB instrument for NRS of exposures is reliable and valid and may 

allow for more informed and detailed RoB judgments than other instruments.  

Keywords (6): Risk of bias, ROBINS, GRADE, non-randomized study, reliability, validity  
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Highlights 

• Understanding an instrument’s measurement properties should influence 

systematic review authors’ decisions when choosing a RoB instrument to use for 

study evaluation. 

• The RoB instrument for NRS of exposures instrument includes distinct and relevant 

RoB constructs to which exposure studies are prone and provides detailed signalling 

questions to facilitate the assessment. 

• The RoB instrument for NRS of exposures instrument demonstrates substantial 

interrater and inter-instrument reliability and is ready for wider adoption by 

systematic review authors.   
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Abbreviations 

AEC: absolute error coefficient 

ANOVA: analysis of variance 

BPA: bisphenol-A 

CI: confidence interval 

EPA: U.S. Environmental Protection Agency 

G theory: generalizability theory 

GRADE: Grading of Recommendations Assessment, Development, and Evaluation 

ICC: intraclass correlation 

IRIS: Integrated Risk Information System 

NOS: Newcastle-Ottawa Scale 

NRS: non-randomized studies 

NTP: National Toxicology Program 

OHAT: Office of Health Assessment and Technology 

ORoC: Office on the Report on Carcinogens 

PBDE: polybrominated diphenyl ethers 

PFOA: perfluorooctanoic acid 
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PM2.5: particulate matter with aerodynamic diameter less than 2.5 µm 

RCT: randomized controlled trial 

RoB: risk of bias 

ROBINS-I: Risk of Bias in Non-randomized Studies of Interventions 

TSH: thyroid simulation hormones 
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1. Introduction 

Multiple instruments are in use to assess the risk of bias (RoB), often called study quality 

or internal validity, in non-randomized studies (NRS) [1, 2]. RoB reflects the potential of 

limitations in a study to cause a systematic deviation of the results (either inflated or 

underestimated) from the true effect. Due to a lack of clear advantages of one 

instrument over another, no single instrument is recommended strongly for use in 

systematic review or guideline development [3, 4]. The lack of guidance on what 

instrument to use is a key issue in environmental health, where NRS of exposures 

predominate. There also is a need to collect empirical data to establish the importance 

of individual RoB domains and the measurement properties of the instruments [5].  

There also is a desire by systematic review authors in the environmental health field to 

change the method of integration of NRS into knowledge synthesis and decision-making, 

specifically in the Grading of Recommendations Assessment, Development, and 

Evaluation (GRADE) approach [6]. Currently, NRS are rated down to an initial rating of 

low certainty because of the potential for confounding and selection bias causing an 

imbalance of prognostic characteristics in the study population and the exposures of 

interest which randomization attempts to prevent. The GRADE Working Group 

recognizes that a RoB instrument evaluating NRS in a standardized comparison against 

randomized controlled trials (RCTs) would allow all bodies of evidence to begin with a 

high certainty rating [7]. In environmental health, this comparison against an RCT may 

be expressed as a standardized comparison to a randomized target experiment [8]. 
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We developed the RoB instrument for NRS of exposures in response to the feedback 

from systematic review authors for a more detailed assessment that integrates with the 

GRADE approach [8]. The instrument resulted from multiple pilot tests and external 

feedback that suggested adaptations to the Risk of Bias Instrument for Non-randomized 

Studies for Interventions (ROBINS-I). ROBINS-I evaluates RoB in studies of health 

interventions using a standardized comparison to RCTs [9]. The RoB instrument for NRS 

of exposures asks raters to compare studies to a (hypothetical) ideal randomized target 

experiment. Responses to signaling questions help assess the potential for bias across 

seven domains: 1) bias due to confounding, 2) bias in selection of participants into the 

study, 3) bias in classification of exposures, 4) bias due to departures from intended 

interventions, 5) bias due to missing data, 6) bias in measurement of outcomes, and 7) 

bias in selection of reported results. The signaling questions are very detailed and break 

down the specific concepts to inform and aid in the assessment. For example, within the 

domain bias due to missing data, instead of simply asking the assessor if the presence of 

too much missing data would lead to potential bias, assessors are asked a series of 

questions: 1) “Were there missing data?”; 2) “Were participants excluded due to missing 

data on exposure status?”; 3) “Were participants excluded due to missing data on other 

variables needed for analysis?”. Then, if these situations are present, the rater decides 

“Are the proportions of participants and reasons for missing data similar across 

exposures?” and “Were appropriate statistical methods used to account for missing 

data?” Only after considering all of the above can raters make a fully-informed decision 

about whether or not there is bias due to missing data. 
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For each study, the degree of bias is based on the most conservative (worst) of the 

domain-level RoB judgments. Study-level bias is identified as ‘Low,’ ‘Moderate,’ 

‘Serious,’ or ‘Critical.’ We developed the RoB instrument for NRS of exposures with 

topic-specific experts in environmental exposures and epidemiologists so that it 

accurately measured bias common to studies of exposures [8]. Since there is no 

reference standard RoB instrument for exposure studies (i.e., gold standard), these 

suggestions and feedback served to establish a degree of face validity [10].  

A number of other RoB instruments are being used in systematic reviews conducted in 

environmental health, including The National Toxicology Program’s (NTP) Office of 

Health Assessment and Translation (OHAT); the University of California in San 

Francisco’s Navigation Guide; the NTP’s Office of the Report on Carcinogens (ORoC); and 

the Integrated Risk Information System of the U.S. Environmental Protection Agency 

(EPA-IRIS) [8, 11-14]. The OHAT and Navigation Guide instruments use study-design 

driven approaches and signaling questions for assessing RoB in individual human and 

animal studies and are essentially the same instrument [12, 14]. The RoB instrument 

used by the ORoC to evaluate human evidence is similar to EPA-IRIS and includes a 

‘study sensitivity’ domain [11, 13, 15]. The Newcastle-Ottawa Scale (NOS) is an 

instrument designed for the purposes of RoB assessment in NRS of health interventions. 

While not designed with the explicit purpose of evaluating studies of exposure, NOS is 

frequently used to evaluate cohort, case-control, and cross-sectional studies of 

exposure including air quality, occupational exposure, and toxins [16-18].  
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None of the instruments use a comparison against a randomized experiment as the 

possible reference for a (hypothetical) least biased study. However, many similarities 

exist between these instruments at the domain and question level, such as tailoring of 

the instrument to the design of the study (e.g., non-randomized or experimental 

animal), and using the GRADE approach to assess RoB on an outcome level [5]. Also, the 

ideas in the domains of assessment (e.g., participant selection, confounding, 

attrition/exclusion, exposure/intervention assessment, outcome assessment and 

selective reporting) merge. However, a few differences exist between the instruments, 

namely in the specific items used for RoB assessment, whether or not to provide a RoB 

judgment across a body of evidence, and the procedures for evaluating RoB across 

studies in a systematic review. In addition, we are not aware of published evidence of 

reliability or validity testing for any instrument designed for the purposes of RoB 

assessment of exposure studies.  

In this study, we assessed the reliability and validity of the RoB instrument for NRS of 

exposures and compared it with the OHAT/Navigation Guide, 2) ORoC/EPA-IRIS, and 3) 

NOS. Specifically, we first evaluated the interrater and inter-instrument reliability of 

each instrument by assessing individual studies across seven case-study topics. Second, 

we evaluated construct validity of the RoB instrument for NRS of exposures and 

compared those measurement properties with results from the OHAT, ORoC, and NOS 

instruments. Results from the reliability and validity analyses can inform the wider 

adoption of the RoB instrument for NRS of exposures and support potential 

improvements of bias measurement for studies of exposures.  
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2. Methods 

2.1. Participants 

We selected raters (RB, AG, and PR) with master’s and doctoral degrees, training in 

epidemiological methods, and at least four years (range 4-13 years) of experience 

evaluating epidemiological studies. While the raters did not necessarily have topic-

specific expertise on the environmental exposures in the selected systematic reviews, 

they had access to topic-specific experts and other resources for consultation 

throughout the project. Raters initially received training materials for each instrument.  

2.2. RoB instruments 

Raters applied the following instruments by using a specifically prepared Excel package 

with drop-down response options for each instrument: The RoB instrument for NRS of 

exposures, OHAT, ORoC, and NOS. In this study we refer to the potential for limitations 

within a study as ‘RoB’; however, some instruments use terms such as ‘study quality’ or 

‘study sensitivity’ to include or refer to RoB. In addition to the RoB instrument for NRS of 

exposures, OHAT, ORoC, and NOS are available online and in print [8, 12, 13, 18]. 

Appendix A presents the domains, domain-, individual study-, and outcome-level 

responses for each instrument.  

2.3. Case-study topics 

We used existing systematic reviews on environmental exposures to identify case-study 

topics (Table 1) [19-24]. We selected the following topics: bisphenol-A (BPA), 
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perfluorooctanoic acid (PFOA), polybrominated diphenyl ethers (PBDE), particulate 

matter with aerodynamic diameter less than 2.5 µm (PM2.5), folic acid, and phthalate 

metabolites. We selected a sub-set of 5-to-6 individual studies from each topic to 

represent a range of study design and exposure assessment features commonly 

encountered in environmental health. If previous assessments of bias were available in 

the systematic reviews, then we (RM, KT, HJS) selected individual studies to represent a 

broad range of potential RoB (from highest to lowest RoB). We considered reports on 

RoB and results of effect size, confidence interval range, and reported confounders 

adjusted for in each study’s analysis to make a determination on hypothesized RoB.  

2.4. Analysis 

2.4.1. Interrater and inter-instrument reliability  

To evaluate the interrater reliability for study-level assessments for the RoB instrument 

for NRS of exposures, we calculated an intraclass correlation (ICC) by assessing the five 

or six studies from the six systematic reviews for a total of 35 studies [19-21, 23-25]. 

Three raters independently evaluated studies. We also calculated the interrater 

reliability across the other three instruments using the same 35 individual studies. To 

protect against order effects, we randomized the order of the four RoB instruments that 

raters used to assess each of the studies, as well as the order of the studies. We 

provided one rater with three packages of instrument templates and studies to evaluate 

and disseminate to the other raters. Raters recorded their responses in Microsoft Excel. 

Since the four instruments used different study-level RoB judgments (Appendix A), we 

standardized the distribution of the different ordinal ratings by converting them to z-



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

171 
 

scores. Study-level judgments for the RoB instrument for NRS of exposures and ORoC 

included an option to rate the entire study as either ‘No information’ (in the RoB 

instrument for NRS of exposures) or ‘Inadequate/Uninformative’ (in ORoC). Similarly, 

these response options could be selected at the domain-level. If raters reported 

‘Inadequate/Uninformative’, we used it as the most severe rating based on the 

interpretation in the ORoC manual [13]. If raters reported ‘No information’, we 

conducted a sensitivity analysis using the most severe and the least severe ratings. 

Based on raters’ feedback during the preliminary application of the instrument, ‘No 

information’ may be inappropriately selected when the question may not be intuitive to 

a rater, but bias may be present (e.g. responding to a question about temporality when 

evaluating a cross-sectional study). For the statistical analyses, we used SPSS for 

Windows version 13.0 (SPSS, Chicago, IL, USA).     

To understand the degree of contribution of the individual instruments to the variance 

in the reliability analyses, we also evaluated interrater and inter-instrument reliability. 

We used generalizability (G) theory and the software program G_String_IV, version 6.1.1 

(Hamilton, ON, CA) to estimate reliability and determine the relative contributions of 

different variance sources (i.e., instrument versus rater) in the data set [26]. These 

variance components calculate the proportion of error variance (𝜎) attributed to the 

object of measurement (individual studies), modelled facet (rater; 𝜏), and the 

interactions between the object and modelled facets of generalizability (𝛿 or Δ). We 

used the following formula to calculate the absolute error coefficient (AEC) here: G = 

(((𝜏) 2)/ (𝜎(𝜏) 2 + 𝜎(Δ) 2)). We considered the strength of agreement for the ICCs and AEC 
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as the following: 0.00 to 0.20 as slight; 0.21 to 0.40 as fair; 0.41 to 0.60 as moderate; 

0.61 to 0.80 as substantial; and 0.81 to 1.00 as almost perfect [27]. 

2.4.2. Construct validity 

We assessed construct validity of the RoB instrument for NRS of exposures to determine 

the extent to which the RoB instrument for NRS of exposures related to other measures 

consistent with RoB of exposure. In the absence of a reference standard, we conducted 

a series of correlation analyses with other RoB instruments in the field and topic-specific 

expert feedback. We used the same 35 studies from the systematic reviews listed 

above. 

Initially, we calculated Pearson correlation coefficients (r) between the study-level 

judgments of the RoB instrument for NRS of exposures and OHAT, ORoC, and NOS by 

using their average ratings. We hypothesized that the RoB instrument for NRS of 

exposures would correlate strongly with OHAT, ORoC, and NOS scores since they should 

measure the same constructs. The degree of correlation between the RoB instrument 

for NRS of exposures and the other instruments provided insight into whether or not 

the RoB instrument for NRS of exposures measures RoB within studies of exposure. In 

addition, we calculated Pearson r at the domain level across instruments. We explored 

scatterplots showing the relationship between each pair of domains to identify 

potentially spuriously high correlation coefficients, as we would expect linear relations 

between judgments on similar domains of concepts. We grouped domains of similar 

concepts (e.g. confounding in the RoB instrument for NRS of exposures versus 

confounding in OHAT). The NOS lumps questions into three domains: selection, 
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comparability (i.e. confounding), and outcome; however, when used for case-control 

studies, NOS refers to the third domain as exposure. Therefore, we compared the 

domain of outcome twice, once with the group of outcome bias domains and once with 

the exposure bias domains. In addition, we calculated Pearson r across all domains to 

see if any correlated with concepts that did not seem to overlap (e.g. confounding in the 

RoB instrument for NRS of exposures vs. selection bias in OHAT), including domains 

within the same instrument. 

Then, we assessed validity by comparing study-level judgments of the instruments 

against a global rating of RoB from topic-specific experts recognized as authorities in 

environmental health. We recruited topic-specific experts across five environmental-

exposure disciplines (BPA, PFOA, PBDE, PM2.5, and phthalates) for the evaluation of 29 

studies (Appendix B). Twenty-eight PhD-level topic-specific experts provided 160 

observations of unstructured RoB judgments utilizing a 7-point Likert-scale to express 

agreement with the following statement: ‘The study that you just reviewed is of low risk 

of bias.’ (Figure 1). In addition, all topic-specific experts rated the overall RoB for each 

study on a four-point scale from ‘Low risk of bias’ to ‘Critical risk of bias.’ Topic-specific 

experts reviewed the papers independently of any rating instruments. We considered 

correlation coefficients of 0.10 to 0.30 as weak, 0.30 to 0.60 as moderate, and > 0.60 as 

strong [28]. 

2.4.3. Comparison of RoB usability across the instruments 

We documented the time required to complete ratings as a surrogate to evaluate the 

burden of using the instruments. We calculated the mean time in minutes for the three 
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raters who evaluated the studies across the four instruments and provided the range. In 

addition, the external topic-specific experts reported time to review each study. When a 

range of time was given, the most conservative (longest) estimate of time was used in 

the analysis. In SPSS, we performed an analysis of variance (ANOVA) to analyze the 

difference between the mean duration reported by the raters and topic-specific experts 

followed by Tukey’s post hoc test to explore significant differences between each 

instrument and topic experts.  

2.4.4. Sample size estimation 

We used the individual study-level RoB judgment to determine the sample size. We 

determined a priori that a standard error of ± 0.10 provided sufficient precision for a ICC 

of 0.75 [26] and required five-to-six studies per review for a total of 35 individual studies 

to assess the instruments. 

3. Results 

3.1. Interrater and inter-instrument reliability of RoB instruments 

Interrater reliability of individual study-level judgments when using the RoB instrument 

for NRS of exposures demonstrated substantial agreement (ICC = 0.73; 95% CI: 0.53, 

0.85). OHAT, ORoC, and NOS showed similar substantial interrater agreement (Table 2).  

The interrater and inter-instrument reliability of the individual study-level judgments 

demonstrated substantial generalizability (AEC = 0.70) to another set of raters or 

instruments. Further exploration of the individual interrater reliability estimates 

suggests that the consistency among raters’ responses is greater than the AEC. Since the 
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AEC aggregates reliability from the interrater and the inter-instrument estimates, this 

suggests that the different instruments introduce some variance.  

3.2. Validity of RoB instruments 

3.2.1. Between instrument total score correlations 

Table 3 presents the average measures of correlation coefficients between the 

instruments and topic-specific experts at the study level. We observed strong 

correlations between the RoB instrument for NRS of exposures and the other RoB 

instruments (r = 0.74 to 0.90) suggesting agreement across instruments for the study-

level judgments (i.e. the study-level judgments are similar across instruments). In 

absence of a reference standard to measure RoB of exposure studies, the strength of 

the correlations suggests that all instruments are measuring similar concepts of bias at 

the study level. The strongest agreement existed between the RoB instrument for NRS 

of exposures and the OHAT instrument (r = 0.90; 95% CI: 0.81, 0.95). We found 

somewhat weaker correlations between the RoB instrument for NRS of exposures and 

the OHAT tool with the NOS and the topic experts’ global judgment.  

3.2.2. Between instrument related domain score correlations 

Correlations at the domain level suggest greater variability in the measurement of 

specific RoB concepts compared to the instrument total scores. Comparisons between 

similar domains across the instruments suggest that validity differs across the 

instruments and domains (Appendix C).  
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The RoB instrument for NRS of exposures showed a strong correlation (r = 0.69) with 

OHAT and NOS (r = 0.79) for the domain of confounding. The RoB instrument for NRS of 

exposures, OHAT, and ORoC demonstrated strong correlations across the domain of 

exposure measurement (r ≥ 0.92) suggesting near identical measurement of the 

concept. Whereas, the weak correlation of the comparable concept in the NOS suggests 

that the NOS is not measuring risk of bias due to exposure misclassification well. Only 

the RoB instrument for NRS of exposures and ORoC presented judgments on departures 

from intended exposures. The correlation was only moderate (r = 0.49). The RoB 

instrument for NRS of exposures and OHAT demonstrated a strong correlation in the 

measurement of missing data (r = 0.61); however, the RoB instrument for NRS of 

exposures and ORoC showed lower correlations. For the domain of measurement of 

outcomes, the RoB instrument for NRS of exposures, OHAT, and ORoC demonstrated 

moderate to strong correlations of the concept (r = 0.52 to 0.63); however, comparison 

with NOS revealed weak correlations. Correlations between the RoB instrument for NRS 

of exposures, OHAT, and ORoC were weak for the concept of reporting bias.  

3.2.3. Within instrument domain score correlations 

Correlation coefficients between all domains within the same instrument suggest the 

measurement of overlapping concepts for many but not all domains (Appendix D). High 

correlation coefficients suggest that the risk of bias domains measure similar concepts 

of bias occurring together in the studies (e.g. selection bias and measurement of 

exposure bias occur together). For the RoB instrument for NRS of exposures, correlation 

coefficients were moderate for bias due to selection of participants and bias due to 
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confounding (r = 0.51), bias due to intended exposures (r = 0.64), and bias in 

measurement of outcomes (r = 0.63).  

The within instrument domain score correlations were also moderate to strong for the 

other instruments. For the OHAT instrument, correlation coefficients demonstrated the 

measurement of similar concepts between the domain of selection bias and 

confounding bias (r = 0.51), detection bias (r = 0.54), selective reporting bias (r = 0.52), 

and other sources of bias (r = 0.58). In addition, a moderate correlation existed between 

confounding bias and selective reporting bias (r = 0.53), as well as other sources of bias 

(r = 0.51); outcome bias demonstrated moderate correlations with selective reporting 

bias (r = 0.51) and other sources of bias (r = 0.50). For the ORoC, selection bias showed 

moderate correlations with confounding (r = 0.50), selective reporting (r = 0.53), and 

analysis (r = 0.59). High correlations were present between outcome and analysis (r = 

0.77), as well as study sensitivity (r = 0.61). In addition, correlations between analysis, 

confounding (r = 0.57), and study sensitivity (r = 0.66) were moderate to strong. Of the 

three domains within NOS, selection bias and comparability demonstrated a moderate 

correlation (r = 0.57). 

3.2.4. Between instrument domain score correlations 

Appendix E presents moderate and strong Pearson correlation coefficients of unrelated 

domains across different instruments. The bias due to confounding domain in RoB 

instrument for NRS of exposures correlated strongly with the selection bias domains in 

both OHAT and ORoC instruments (r = 0.69 and r = 0.64, respectively), and the analysis 

domain in ORoC (r = 0.71). Bias due to missing data demonstrated a strong correlation 
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with ORoC reporting (r = 0.79). Correlation coefficients were moderate to high between 

the majority of OHAT and ORoC domains and unrelated domains in other instruments, 

except for the domains evaluating the exposure. Specifically, correlation coefficients for 

the OHAT domain of selection bias showed higher correlations with the RoB instrument 

for NRS of exposures domain of bias due to confounding (r = 0.67) and NOS 

comparability (r = 0.53), than correlations with the respective selection bias domains in 

those instruments. Other sources of bias in the OHAT instrument were moderately to 

strongly correlated with RoB instrument for NRS of exposures missing data (r = 0.52); 

and ORoC selection bias (r = 0.54), outcome (r = 0.73), reporting (r = 0.57), and analysis 

(r = 0.67). The NOS domain of comparability correlated moderately with several 

different domains in the ORoC: selection (r = 0.60), analysis (r = 0.56), and study 

sensitivity (r = 0.54). 

3.3. Instrument burden 

Raters and topic-specific experts provided the approximate time per individual study 

evaluated. Across the four instruments evaluated by raters, time per study varied 

between 5 and 150 minutes. The mean (range) time estimate in minutes for applying 

each instrument to a single study is as follows: RoB instrument for NRS of exposures: 79 

(30 – 150); OHAT: 39 (15 – 60); ORoC: 31 (10 – 60); and NOS: 12 (5 – 30). Topic-specific 

experts reported a mean (range) in minutes for their unstructured evaluations of 

studies: 42 (15 – 150). Further analyses demonstrated significant differences between 

the time estimates reported for each instrument and time estimates reported from 

topic-specific experts (Appendix F). The RoB instrument of exposures required 
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significantly more time than all other instruments (p < 0.001), and the NOS required 

significantly less time than all other instruments (p < 0.01 for all comparisons). 

4. Discussion 

4.1. Statement of principle findings 

Our study results indicate that the RoB instrument for NRS of exposures is a reliable and 

valid instrument for assessing RoB in studies of exposures. The interrater and inter-

instrument analyses suggest that these results will be generalizable to the application of 

these instruments beyond the raters used in our study. The observed construct validity 

suggests that the RoB instrument for NRS of exposures is accurately measuring the 

concept of bias in studies of exposures. We believe that the somewhat lower 

correlations between the RoB instrument for NRS of exposures and the OHAT with the 

NOS and global judgments suggest better identification of risk of bias in various 

domains. 

While the comparison of time to complete each of the RoB assessments varied 

significantly across instruments and the topic-specific experts, suggesting the greatest 

burden from the RoB instrument for NRS of exposures, there are several other 

considerations for selecting the most appropriate and efficient instrument to use. These 

considerations include the measurement of relevant concepts to determine the RoB in 

studies of exposures, exploration of the overlap of concepts within instruments, the 

detail of the signaling questions, and the transparency of concepts considered in the 

RoB judgment.  
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This study adds important information about the measurement properties of risk of bias 

instruments for exposure studies. First, the measurement of the exposure is essential in 

any RoB instrument for studies of exposures. While one version of the NOS labels a 

domain as exposure [18], the lack of agreement with the RoB instrument for studies of 

exposures, OHAT, and ORoC and the substantial agreement between that domain 

among those latter three instruments suggests that the NOS does not identify risk of 

bias in this domain well. The correlation coefficients suggest minimal differences 

between the RoB instrument for NRS of exposures, OHAT, and ORoC on this domain; 

therefore, one could select that domain from any of those instruments. The domains 

that measure the concept of exposure in the RoB instrument for NRS of exposures, 

OHAT and ORoC do not correlate highly with any unrelated domain. This finding 

suggests the importance of separate assessment of this domain and that there is little 

overlap in bias or assessment with any of the other domains. 

Second, the assessment of the validity by domain reveals important observations. For 

the domains of confounding and participant selection, the correlations within 

instruments suggest that further exploration is needed to either distinguish between 

the two concepts or to merge them, as currently the same concepts may be measured 

multiple times within the same instrument. The RoB instrument for NRS of exposures 

domains remain conceptually somewhat distinct, as suggested by the mostly moderate 

correlation coefficients between domains in the instrument. It appears that this 

instrument showed generally weaker correlations with unrelated domains in other 

instruments, while OHAT, ORoC, and NOS domains demonstrated more correlations 
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with several unrelated domains in other instruments. Over a third of domains within 

OHAT, ORoC, and NOS suggest moderate or substantial correlations with other domains 

in the same instrument, suggesting frequent overlap of the same concepts. For example, 

the OHAT domain of other sources of bias demonstrates high correlation with several 

distinct domains on the ORoC instrument (selection bias, outcome, reporting, and 

analysis), even though the OHAT instrument contains domains with these labels. These 

somewhat higher correlations suggest that OHAT, ORoC, and NOS might benefit from 

further scale development, such as factor analysis of individual items and validity testing 

of domains to identify grouping of items to form discrete domains.  

Third, while the required time to apply the RoB instrument for NRS of exposures is 

significantly greater than for all other instruments and the global judgment by topic-

specific experts, the level of detail in the signaling questions may allow users to make 

more informed decisions. However, this burden may be important when performing 

large scale systematic reviews that require assessment of many studies with possibly 

limited gain in accuracy of RoB assessment. 

Fourth, including study-level judgments from topic-specific experts allowed us to 

observe the level of agreement between judgments of bias made implicitly by experts 

and compare those to RoB instruments that aim to make judgments explicit. We 

identified strong agreement between study-level judgments from the RoB instrument 

for NRS of exposures and the topic-specific experts’ evaluations. This instrument serves 

as a reminder of important concepts and may be just as good for application by persons 

who are not as familiar with studies of exposures or specific types of exposures. 
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4.2. Strengths and limitations 

This is the first study to present evidence of the measurement properties of instruments 

to evaluate RoB in studies of exposure, in particular environmental exposures. While the 

measurement properties of the RoB instrument for NRS of exposures were our primary 

focus, we evaluated three additional instruments. The large sample of studies and 

across six distinct exposures and health outcomes to broaden the robustness and 

generalizability of our results represent a strength. We calculated correlation 

coefficients and conducted a G theory analysis. The G theory AEC demonstrates 

substantial generalizability to allow us to say that these results would also be generated 

by another set of raters or across instruments. It is further confirmed by the individual 

ICC and correlation coefficients. In addition, our analyses of each domain across all four 

instruments provides greater understanding of the individual concepts used to measure 

studies of exposures. Lastly, when conducting the domain-level analysis, we recognized 

that instruments include unique but potentially similar domain concepts and groupings 

of signaling questions (e.g., ‘bias in missing data’ in the RoB instrument for studies of 

exposure and ‘attrition’ in OHAT); therefore, we were able to examine correlation 

coefficients to assure that we captured domains measuring similar concepts.  

We recognize some limitations within our study. First, raters evaluated the same studies 

multiple times with different instruments. To account for potential order bias during the 

assessment process, we randomized the order of the four instruments and the studies 

for each instrument. Second, topic-specific experts provided evaluations on all topics 

except for folic acid. This was due to difficulties with recruitment of experts. We do not 
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believe that this had an impact on the feedback that we received on the instrument, as 

topic-specific experts provided 160 observations across the other five exposure topics. 

However, this could provide a less generalizable response as fewer topic areas were 

assessed. Third, each instrument provided different options for rating RoB, including 

options that could be interpreted as more or less bias, such as ‘Inadequate’ or ‘No 

information.’ To account for the different RoB judgment options, we normalized the 

results to allow the calculation of correlation coefficients. However, standardizing the 

results cannot take into account the differences between the number of signaling 

questions and response options, which vary between all instruments. As demonstrated 

by the generalizability analysis, the instruments introduced some variance. This could be 

due to the limited response options and prescriptive nature of NOS versus the 

numerous response options and subjective judgments used by the other instruments. In 

addition, no study-level RoB judgment included categorical responses (e.g., 

‘Inadequate’). Fourth, our domain-level analysis compared the conceptual groupings 

provided in each instrument. We did not perform an item-level or factor analysis of the 

signaling questions grouped within each domain. Therefore, correlation coefficients may 

suggest less agreement from domains that contained questions addressing multiple 

concepts. For example, in the NOS outcome domain, the three questions ask about the 

adequacy of the assessment of the outcome, the duration of follow up, and missing 

data. In other instruments, such as the RoB instrument for NRS of exposures and OHAT, 

missing data or attrition is a separate domain. Comparing concepts at the item level may 

produce higher correlations (e.g., the NOS question about missing data compared with 
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the RoB instrument for NRS of exposures domain on bias in missing data); however, as 

explained previously, the granularity and order of the multiple signaling questions of the 

RoB instrument for NRS of exposures may help users make more informed decisions 

about bias and should be explored. Fifth, we did not identify a reference standard of 

RoB of exposure studies, which would have provided an ideal comparison to measure 

validity. Instead, to explore the validity of the RoB instrument for NRS of exposures, we 

compared it with other established RoB instruments for studies of exposures. In 

addition, we identified several topic-specific experts to review individual studies for the 

construct validity analyses. Lastly, we did not calculate test-retest reliability. While the 

generalizability coefficient suggests that another set of raters would be able to use 

these instruments with substantial agreement, we cannot address the stability of the 

instruments’ scores over time. 

4.3. Implications for researchers and policymakers 

The RoB instrument for NRS of exposures provides a reliable and validated instrument 

for systematic review developers. While we recognize the time implications of applying 

this instrument, there are several benefits to consider, specifically the RoB instrument 

for NRS of exposures measures distinct concepts in each domain and validly measures 

the potential for bias from exposures.  

RoB judgments across a body of evidence for a given outcome can help guideline 

developers and policy makers evaluate and interpret the certainty in a body of evidence 

to inform decision making. When using the RoB instrument for NRS of exposures, 

systematic review authors and guideline developers can start the GRADE evidence 
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assessment at ‘high’ initial certainty; whereas OHAT, ORoC, and NOS lack the 

standardized evaluation of NRS to a randomized experiment and use a study-design 

driven approach for evaluation.  

4.4. Unanswered questions and future research 

Future research should examine the precision with which each of these instruments 

discriminates between measurement domains. Instruments developed for wider 

evaluation across subjects may have less ability to detect small changes in attributes 

when compared with instruments developed explicitly for studies of environmental 

exposures. Our use of G-theory, as well as ICC and correlation coefficient analyses 

provides guidance facilitating future studies evaluating the measurement properties of 

instruments. Due to the plethora of RoB instruments available for NRS of health 

interventions, a similarly structured study would produce valuable information for 

methods advancement. 

5. Conclusions 

The RoB instrument for NRS of exposures is ready for application by a wider audience. 

This article presents several variables for consideration when deciding on an instrument 

to use to evaluate RoB of studies of environmental exposure, such as reliability across 

users and instruments, organization of concepts within instruments, and expected time 

expenditure. The RoB instrument for NRS of exposures has comparable reliability and 

validity to other instruments used for evaluating RoB in exposure studies; however, this 

instrument suggests increased efficiency of construct measurement and acuity when 
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evaluating the potential for bias from studies of exposures. Based on the standardized 

approach to compare a study against an unbiased hypothetical study, the RoB 

instrument for NRS of exposures is the only instrument allowing systematic review and 

guideline developers to start at ‘high’ initial certainty in GRADE, although risk of bias will 

usually lead to rating down by at least two levels.   
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Figure 1.  

 

 

Figure 1. Survey questions to measure study quality and RoB for topic-specific experts 

not using a formal RoB instrument. 
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Table 1.  

Topic Source title 

(reference) 

Exposure Outcome Systematic 

review 

studies (N) 

Studies used in 

current analysis 

(n) 

Perfluorooctanoic 

acid (PFOA) and 

birthweight 

The Navigation 

Guide-Evidence-

Based Medicine 

Meets 

Environmental 

Health: 

Systematic 

Review of 

Human Evidence 

for PFOA Effects 

on Fetal Growth. 

[21] 

PFOA Fetal 

growth 

(i.e., birth 

weight) 

17 6 (Apelberg et 

al., 2007; 

Hamm et al., 

2010; Kim et al., 

2011; Maisonet 

et al., 2012; 

Nolan et al., 

2009; 

Whitworth et 

al., 2012 [29-

34]) 

Bisphenol A 

(BPA) and 

overweight and 

obesity 

Bisphenol A and 

the risk of 

cardiometabolic 

disorders: a 

systematic 

review with 

meta-analysis of 

the 

epidemiological 

evidence [23] 

 

BPA Overweight 

& obesity 

14 6 (Bhandari et 

al., 2013; 

Carwile & 

Michels, 2011; 

Harley et al., 

2013; Shankar 

et al., 2012; 

Wang et al., 

2012; Zhao et 

al., 2012 [35-

40]) 

Particulate 

matter less than 

2.5 µm (PM2.5) 

and lung cancer 

Outdoor 

particulate 

matter exposure 

and lung cancer: 

a systematic 

review and 

meta-analysis 

[20] 

PM2.5 Lung 

cancer 

12 6 (Cao et al., 

2011; Cesaroni 

et al., 2013; 

Hystad et al., 

2013; Katanoda 

et al., 2011; 

Krewski et al., 

2009; Lepeule 

et al., 2012 [41-

46]) 

Polybrominated 

diphenyl ethers 

(PBDEs) and 

thyroid 

The Correlation 

between 

Polybrominated 

Diphenyl Ethers 

PBDE Thyroid 

function as 

measured 

by thyroid 

10 6 (Bloom et al., 

2008; Han et 

al., 2010; Kim et 

al., 2012; Kim et 



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

198 
 

stimulating 

hormones 

(PBDEs) and 

Thyroid 

Hormones in the 

General 

Population: A 

Meta-Analysis. 

[24] 

simulation 

hormones 

(TSHs) 

al., 2013; Lin et 

al., 2011; 

Stapleton et al., 

2011 [47-52]) 

Folic acid 

supplementation 

and twin live 

births 

Folic acid and 

risk of twinning: 

a systematic 

review of the 

recent literature, 

July 1994 to July 

2006 [22] 

Folic acid Twin live 

births 

9 6 (Ballas, 

Baxter, and 

Riddick 2006; 

Ericson, Källén, 

and Aberg 

2001; Kucik and 

Correa 2004; Li 

et al., 2003; 

Signore et al., 

2005; Waller et 

al., 2003) 

Phthalate 

metabolites and 

preterm birth 

Environmental 

Contaminant 

Exposures and 

Preterm Birth: A 

Comprehensive 

Review [19] 

Phthalate 

metabolites 

Preterm 

birth (≤ 37 

weeks of 

gestation) 

5 5 (Adibi et al., 

2009; Meeker 

et al., 2009; 

Suzuki et al., 

2010; Whyatt et 

al., 2009; Wolff 

et al., 2008 [53-

57]) 

BPA: bisphenol-A; PBDE: polybrominated diphenyl ethers; PFOA: perfluorooctanoic acid; PM2.5: 

particulate matter with aerodynamic diameter less than 2.5 µm; TSH: thyroid simulation 

hormones 

Table 1. Case-study topics and studies selected for analysis. 
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Table 2.  

Instrument Interrater reliability AEC 

RoB instrument for NRS of 

exposures 

0.73 (95% CI: 0.53, 0.85)  

0.70 OHAT 0.80 (95% CI: 0.64, 0.89) 

ORoC 0.70 (95% CI: 0.47, 0.84) 

NOS 0.89 (95% CI: 0.80, 0.94) 

AEC: absolute error coefficient; NOS: Newcastle-Ottawa Scale; NRS: non-randomized studies; 

OHAT: Office of Health Assessment and Technology; ORoC: Office on the Report on 

Carcinogens; RoB: risk of bias. 

 

Table 2. Interrater reliability for each individual RoB instrument for studies of exposures 

and an aggregate interrater and inter-instrument reliability across all instruments. 
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Table 3.  

 

Table 3. Average measures correlation coefficients between instruments and topic-

specific experts at the study level. 
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Appendices 
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Appendix A. Characteristics of four RoB instruments. 
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Appendix B. Topic-specific expert observations per topic area and study. 

Topic area Study Observations (n) 

PFOA and fetal growth 

Apelberg et al., 2007 6 

Hamm et al., 2010 6 

Kim et al., 2011 6 

Maisonet et al., 2012 6 

Nolan et al., 2009 6 

Whitworth et al., 2012 6 

BPA and weight 

Bhandari et al., 2013 8 

Carwile & Michels, 2011 8 

Harley et al., 2013 8 

Shankar et al., 2012 8 

Wang et al., 2012 8 

Zhao et al., 2012 8 

PBDE and thyroid 

simulation hormone 

Cao et al., 2011 4 

Cesaroni et al., 2013 4 

Hystad et al., 2013 4 

Katanoda et al., 2011 4 

Krewski et al., 2009 4 

Lepeule et al., 2012 4 

PM2.5 and lung cancer 

Bloom et al., 2008 5 

Han et al., 2010 5 

Kim et al., 2012 3 

Kim et al., 2013 5 

Lin et al., 2011 5 

Stapleton et al., 2011 5 

Phthalates and pre-term 

birth 

Adibi et al., 2009 5 

Meeker et al., 2009 4 

Suzuki et al., 2010 5 

Whyatt et al., 2009 5 

Wolff et al., 2008 5 
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Appendix C. Construct validity: Pearson correlation coefficients across similar 

instrument domains. 

Domains 
      

Confounding      

  RoB instrument for 
NRS of exposures 

OHAT ORoC NOS 

1 
RoB instrument for 
NRS of exposures 

1 0.69 0.62 0.79 

2 OHAT  1 0.88† 0.62 

3 ORoC   1 0.58 

4 NOS    1 
      

Selection      

  RoB instrument for 
NRS of exposures 

OHAT ORoC NOS 

1 
RoB instrument for 
NRS of exposures 

1 0.63† 0.41 0.37 

2 OHAT  1 0.81 0.46 

3 ORoC   1 0.54 

4 NOS    1 
      

Exposure      

  RoB instrument for 
NRS of exposures 

OHAT‡ ORoC NOS 

1 
RoB instrument for 
NRS of exposures 

1 0.92 0.92 0.43 

2 OHAT‡  1 0.95 0.38 

3 ORoC   1 0.31* 

4 NOS    1 
      

Departures from intended exposure    

  RoB instrument for 
NRS of exposures 

OHAT ORoC** NOS 

1 
RoB instrument for 
NRS of exposures 

1 x 0.49 x 

2 OHAT  1 x x 

3 ORoC   1 x 

4 NOS    1 
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Missing data      

  RoB instrument for 
NRS of exposures 

OHAT ORoC NOS 

1 
RoB instrument for 
NRS of exposures 

1 0.61† 0.29 x 

2 OHAT  1 0.26 x 

3 ORoC   1 x 

4 NOS    1 
      

Outcome      

  RoB instrument for 
NRS of exposures 

OHAT§ ORoC NOS 

1 
RoB instrument for 
NRS of exposures 

1 0.52 0.58 0.22* 

2 OHAT§  1 0.67 0.11* 

3 ORoC   1 0.20* 

4 NOS    1 
      

Reporting      

  RoB instrument for 
NRS of exposures 

OHAT ORoC NOS 

1 
RoB instrument for 
NRS of exposures 

1 0.23* 0.36 x 

2 OHAT  1 0.47 x 

3 ORoC   1 x 

4 NOS    1 
      

Other^      

  RoB instrument for 
NRS of exposures 

OHAT ORoC NOS 

1 
RoB instrument for 
NRS of exposures 

1 x x x 

2 OHAT  1 0.58 x 

3 ORoC   1 x 

4 NOS    1 

* = not significant at p < 0.05; x = no comparable concept measured; ^ = measures the 

other sources of bias domain in OHAT and the study sensitivity domain in ORoC; † = 

scatterplots suggested potentially spurious relationships; ‡ = measures the detection of 

exposures bias domain in OHAT; ** = measures the analysis domain in ORoC; § = 
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measures the detection of outcomes bias domain in OHAT. NOS: Newcastle-Ottawa 

Scale; NRS: non-randomized studies; OHAT: Office of Health Assessment and 

Technology; ORoC: Office on the Report on Carcinogens; RoB: risk of bias. 
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Appendix D. Domains demonstrating moderate or high Pearson correlation 

coefficients with other domains within the same instrument. 

 Domain Domains in same instrument 

suggesting moderate or strong 

correlations* 

Pearson 

correlation 

coefficient (r) 

RoB 

instrument 

for NRS of 

exposures 

Bias due to 

selection of 

participants 

Bias due to confounding 0.51 

Bias due to intended exposures 0.64 

Bias in measurement of 

outcomes 

0.63 

OHAT Selection bias Confounding bias 0.51 

Detection of outcomes bias 0.54 

Selective reporting bias 0.52 

Other sources of bias 0.58 

Confounding bias Selective reporting bias 0.53 

Other sources of bias 0.51 

Detection of 

outcomes bias 

Selective reporting bias 0.51 

Selective reporting 

bias 

Other sources of bias 0.56 

ORoC Selection bias Confounding 0.50 

Selective reporting  0.53 

Analysis 0.59 

Outcome Analysis 0.77 

Study sensitivity 0.61 

Analysis Confounding 0.57 

Study sensitivity 0.66 

NOS Selection bias Comparability 0.57 

* = significance measured at p < 0.05. NOS: Newcastle-Ottawa Scale; NRS: non-

randomized studies; OHAT: Office of Health Assessment and Technology; ORoC: Office 

on the Report on Carcinogens; RoB: risk of bias.  
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Appendix E. Domains demonstrating moderate or high Pearson correlation 

coefficients with other domains in different instruments. 

 Domain Domain in different 

instrument suggesting 

moderate or strong 

correlations* 

Pearson 

correlation 

coefficient (r) 

RoB 

instrument 

for NRS of 

exposures 

Bias due to 

confounding 

OHAT selection bias 0.69 

ORoC selection bias 0.64 

ORoC outcome measures 0.53 

ORoC analysis 0.71 

Bias in selection of 

participants 

OHAT selective reporting 

bias 

0.53 

ORoC outcome measures 0.51 

ORoC analysis 0.54 

Bias due to missing 

data 

OHAT outcome measures 0.50 

OHAT other sources of bias 0.52 

ORoC reporting  0.79 

Bias in measurement 

of outcomes 

OHAT selective reporting 

bias 

0.58 

ORoC analysis 0.53 

Bias in reported 

results 

ORoC confounding bias 0.51 

OHAT Selection bias RoB instrument for NRS of 

exposures bias due to 

confounding 

0.69 

ORoC outcome measures 0.55 

ORoC confounding 0.54 

ORoC analysis 0.64 

NOS comparability 0.53 

Confounding bias ORoC selection bias 0.56 

ORoC analysis 0.62 

Performance bias ORoC selection bias 0.54 

ORoC reporting 0.59 

Detection of 

outcomes bias 

RoB instrument for NRS of 

exposures bias due to 

missing data 

0.50 
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ORoC analysis 0.61 

Selective reporting 

bias 

RoB instrument for NRS of 

exposures bias in selection 

of participants 

0.53 

RoB instrument for NRS of 

exposures bias due to the 

measurement of outcomes 

0.58 

ORoC selection bias 0.51 

ORoC outcome measures 0.57 

ORoC confounding 0.56 

ORoC analysis 0.69 

Other sources of bias RoB instrument for NRS of 

exposures bias due to 

missing data 

0.52 

ORoC selection bias 0.54 

ORoC outcome measures 0.73 

ORoC reporting 0.57 

ORoC analysis 0.67 

ORoC Selection bias RoB instrument for NRS of 

exposures bias due to 

confounding 

0.64 

RoB instrument for NRS of 

exposures bias due to 

missing data 

0.57 

OHAT confounding bias 0.56 

OHAT performance bias 0.54 

OHAT selective reporting 

bias 

0.51 

OHAT other sources of bias 0.54 

NOS comparability 0.61 

Outcome RoB instrument for NRS of 

exposures bias due to 

confounding 

0.53 

RoB instrument for NRS of 

exposures bias due to 

selection of participants 

0.51 

OHAT selection bias 0.55 
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OHAT selective reporting 

bias 

0.57 

OHAT other sources of bias 0.73 

Confounding RoB instrument for NRS of 

exposures bias in reported 

results 

0.51 

OHAT selection bias 0.54 

OHAT reporting bias 0.56 

Reporting RoB instrument for NRS of 

exposures bias due to 

missing data 

0.79 

OHAT performance bias 0.59 

OHAT other sources of bias 0.57 

Analysis RoB instrument for NRS of 

exposures bias due to 

confounding 

0.71 

RoB instrument for NRS of 

exposures bias due to 

selection of participants 

0.54 

RoB instrument for NRS of 

exposures bias in the 

measurement of outcomes 

0.53 

OHAT selection bias 0.64 

OHAT confounding bias 0.62 

OHAT detection of 

outcomes bias 

0.61 

OHAT selective reporting 

bias 

0.69 

OHAT other sources of bias 0.67 

NOS selection 0.53 

NOS comparability 0.56 

Study sensitivity OHAT selective reporting 

bias 

0.50 

NOS selection 0.73 

NOS comparability 0.54 

NOS Selection ORoC analysis 0.53 

ORoC study sensitivity 0.73 

Comparability OHAT selection bias 0.53 
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ORoC selection 0.61 

ORoC analysis 0.56 

ORoC study sensitivity 0.54 

* = significance measured at p < 0.05. NOS: Newcastle-Ottawa Scale; NRS: non-

randomized studies; OHAT: Office of Health Assessment and Technology; ORoC: Office 

on the Report on Carcinogens; RoB: risk of bias.  
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Appendix F. Results from mean time-burden comparison analysis. 

Between instrument analysis of variance (ANOVA) for the variable time, as measured in 

minutes: p < 0.001 

Multiple comparisons across instruments and ratings by topic-specific experts using 

Tukey’s Honest Significant Difference (HSD) test: mean difference (p-value) 

Instrument RoB 

instrument 

for NRS of 

exposures 

OHAT ORoC NOS Topic-

specific 

experts* 

RoB instrument 

for NRS of 

exposures 

x 39.79 

(p<0.001) 

47.41 

(p<0.001) 

67.12 

(p<0.001) 

30.63 

(p<0.001) 

OHAT  x 7.62 

(p=0.008) 

27.33 

(p<0.001) 

9.16 

(p=0.002) 

ORoC   x 19.71 

(p<0.001) 

16.78 

(p<0.001) 

NOS    x 36.50 

(p<0.001) 

Topic-specific 

experts* 

    x 

The mean difference is significant at the 0.05 level. NOS: Newcastle-Ottawa Scale; NRS: 

non-randomized studies; OHAT: Office of Health Assessment and Technology; ORoC: 

Office on the Report on Carcinogens; RoB: risk of bias. *Based on 160 observations 

across 29 studies. 
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CHAPTER 6. CONCLUSIONS  
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1. Summary of findings 

This work presents four main pieces of research. The main findings can be summarized 

as the following: 

1. A structured framework is needed to facilitate decision-making in the 

environmental health field and, given the successful application of the GRADE 

framework in many other disciplines, I suggest this approach be explored. 

2. To harmonize the methodological and environmental health decision-making 

process, evaluation is needed for the following priority areas: research question 

formulation, evaluating the certainty of evidence, and making 

recommendations. 

3. When identifying questions about environmental health hazards, five strategies 

can be used to facilitate identification of the exposure and comparator: 1) use 

the cut-offs achieved from implementation of existing interventions; 2) use 

existing exposure cut-offs (e.g., thresholds, levels, ranges, or durations) 

associated with the known health outcomes of interest; 3) when only the 

exposure for a population is knows, use mean thresholds from external or 

general populations (from other research); 4) use cut-offs defined based on the 

distribution in studies identified from a search or scoping review; and 5) use the 

distribution of the relationship between the exposure and outcome.  

4. Evaluating the certainty of evidence requires an assessment of the risk of bias 

(RoB) of individual studies. The RoB instrument for non-randomized studies 

(NRS) of exposures can be used to evaluate individual studies and provide 
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judgments across a body of evidence for environmental health exposures by 

using the concept of the target experiment as a point of reference. 

5. The integration of the RoB instrument for NRS of exposures into the Grading of 

Recommendations Assessment, Development, and Evaluation (GRADE) 

framework allows for NRS to start at ‘High’ initial certainty of evidence (CoE), 

instead of the default initial certainty of ‘Low’.  

6. Reliability and validity testing of the RoB instrument for NRS of exposures 

revealed robust measurement properties meaning that this instrument can be 

used by wider audiences. 

2. Reflections of an effort to develop a standardized 

instrument to evaluate risk of bias in studies of exposure 

and implications for decision making 

2.1. Inception 

There are factors that can reduce the uncertainty in a body of evidence and improve the 

accuracy of decision making for human health outcomes. In this work, I recognized a 

need for further methodological development in the evaluation of RoB and integration 

into decision-making for studies of exposures [1]. My objective was to develop a RoB 

instrument to assess bias in NRS of exposures and to prompt researchers to improve the 

study design of future studies. The implications of this instrument are that it can be used 

not only for policy and decision-making, but also to inform future research. I 

approached this process in four stages: 
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1) Exploration and recognition of current practices for decision-making in 

environmental health and identification of priority areas for further methods 

research; 

2) Pilot testing of a Risk of Bias Instrument for Non-randomized Studies of 

Interventions (ROBINS-I) and modifications to tailor for NRS of exposures; 

3) Application of the RoB instrument for NRS of exposures; 

4) Integration of the RoB instrument for NRS of exposures into the GRADE 

approach; and 

5)  

6) Reliability and validity testing of the RoB instrument for NRS of exposures and 

comparison with other RoB instrument used for studies of exposures and topic-

specific expert evaluation of studies. 

In 2016, ROBINS-I was released to evaluate RoB within studies of health interventions 

[2]. ROBINS-I combined several distinct concepts for the evaluation of studies of 

interventions. First, ROBINS-I introduced the evaluation of NRS as a standardized 

comparison to randomized-controlled trials (RCTs) by using an absolute scale to 

measure bias [2, 3]. First, implications of this design include the possibility to evaluate 

NRS like RCTs on a bias domain level against the possible least biased (hypothetical) 

randomized trial. Although final RoB ratings across studies should not differ, it avoids a 

two-step approach of rating RoB in GRADE twice and it provides a more nuanced 

assessment of confounding and selection bias. In particular, the instrument highlights 

domains of bias distinct to NRS when randomization and allocation concealment are not 
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part of the experiment, essentially what had lead developers to start NRS at ‘Low’ within 

GRADE initially. Therefore, NRS and RCTs start at the same initial level of a ‘High’ 

certainty rating. Second, ROBINS-I instructed users to incorporate the hypothesized 

direction of bias into their judgements at the domain and final study-level RoB. The 

implication is that bias is not a clear-cut issue and deeper understanding of how much 

the bias is expected to modify the effect estimate in the analysis from the true estimate 

may lead a rater to have greater concerns about the introduction of bias (i.e., the bias 

overestimates the effect of an intervention) or less concerns about the introduction of 

bias (i.e., the introduced bias is more conservative).  

I decided to examine the potential for ROBINS-I within the environmental health field 

based on feedback from systematic-review authors and guideline developers in the 

field. Many preferred the concept of transparently recognizing that NRS suffer from 

substantial bias due to the lack of a balance of prognostic factors within a RoB 

instrument instead of the automatic start at ‘Low’ within GRADE. However, pilot testing 

of ROBINS-I revealed some conceptual and semantic modifications leading to the 

adaptation of the instrument for studies of exposures (i.e., ROBINS of Exposures) [4]. 

These modifications included replacement of the term ‘intervention’ with ‘exposure’ 

throughout the instrument; renaming of ‘target trial’ to ‘target experiment’ and 

broadening the definition to include animal experiments; the addition of fields in the 

preliminary stages of the instrument to collect information on the accuracy of 

measurement of exposures and outcomes to guide the rater to distinguish between 

issues of indirectness and risk of bias (RoB); and inclusion of additional signaling 
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questions to assess bias in exposure measurement. While the ROBINS-I instrument 

identified the domains of confounding and selection of participants to related to the loss 

of randomization and allocation concealment, I recognized that bias due to 

misclassification of the exposure may also result from the lack of a prognostic balance, 

namely the ability to correctly distinguish between the exposure and comparison of 

interest. 

I recognized a paucity of research exploring and establishing the reliability and validity 

of current instruments used to evaluate RoB within studies of exposures. To understand 

and aid in the development of this instrument, I evaluated the interrater reliability of 

the RoB instrument for NRS of exposures. In addition, I compared the interrater and 

inter-instrument reliability across three other instruments commonly used in the field. I 

determined the RoB instrument for NRS of exposures to have substantial reliability and 

be ready for wider use.  

As no reference standard has been established for RoB evaluation of exposure studies, I 

compared the correlation coefficients of the RoB instrument for NRS of exposures with 

three other instruments used in the field, and unstructured evaluations from exposure 

topic-specific experts. In addition, I determined the construct validity of the RoB 

instrument for NRS of exposures to be in strong agreement with other instruments used 

to evaluate exposure studies and evaluations by topic-specific experts. 

A recently submitted guidance document summarizes the integration of ROBINS-I into 

GRADE and the implication of using an absolute scale for the RoB assessment of RCTs 

and NRS [3]. Key points include that when using a standardized comparison, all studies 
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would start at ‘High’ initial certainty within GRADE; based on concerns of confounding 

and selection bias, NRS would be expected to end up as at least very serious RoB within 

GRADE (equivalent to starting at ‘Low’ initial certainty); and that the factors considered 

to rate up NRS (magnitude of effect, dose response, or opposable residual confounding) 

could be considered during the RoB assessment and inform the RoB judgment within 

GRADE. While similar for the integration of the RoB instrument for NRS of exposures 

into GRADE, I recognize a few distinguishing concepts: 1) strategies for identifying an 

exposure and comparison within the research question; 2) the prominence that 

misclassification of exposure has on the overall RoB judgment; 3) an algorithm outlining 

the process within GRADE for using this RoB instrument for NRS of exposures; and 4) the 

distinction between sources of bias and indirectness. Recognizing that identifying a 

specific exposure threshold (e.g., levels, durations, ranges, means, medians, or ranges of 

exposure) is difficult when little information exists categorizing an exposure as a harm 

or the definition of an exposure, I propose that there are five strategies for identifying 

the threshold(s) of interest: 1) use the cut-offs achieved from implementation of 

existing interventions; 2) use existing exposure cut-offs (e.g., thresholds, levels, ranges, 

or durations) associated with the known health outcomes of interest; 3) when only the 

exposure for a population is knows, use mean thresholds from external or general 

populations (from other research); 4) use cut-offs defined based on the distribution in 

studies identified from a search or scoping review; and 5) use the distribution of the 

relationship between the exposure and outcome [5]. When applying ROBINS-I, studies 

would typically be judged as ‘serious’ RoB following the evaluation of confounding and 
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selection bias. Within the RoB instrument for NRS of exposures, misclassification of the 

exposure would also be expected to typically lead studies to a ‘serious’ judgment 

because of the difficulty in appropriately classifying unintentional exposures. Finally, to 

facilitate implementation of this RoB instrument for NRS of exposures, I provide an 

algorithm to guide reviewers through the process. This algorithm highlights actions 

throughout the process and how the RoB instrument for NRS of exposures judgments 

integrate into GRADE (Figure 1). As demonstrated within the algorithm, the RoB 

instrument for NRS of exposures also recognizes the common conflation between issues 

of bias and issues of indirectness (i.e., generalizability or applicability), external to RoB. 

Both constructs inform the GRADE evidence assessment; however, indirectness should 

not be included as rationale when making a judgment of RoB. 

My project highlights the value added by incorporating the RoB instrument for NRS of 

exposures for evaluation of individual studies within systematic reviews and GRADE to 

inform decision-making about environmental health. The algorithm outlining the steps 

within this RoB instrument for NRS of exposures and examples detailing the application 

of the instrument and the integration into GRADE should facilitate use of the 

instrument. Users should feel more confident using the instrument based on the results 

of the reliability and validity study. In addition, this work highlights concerns and 

solutions for systematic-review authors and guideline developer when answering 

questions about environmental exposures. This work also highlights areas of importance 

for researchers developing primary studies of exposures. Implications are that 
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researchers can improve their research by addressing those areas and common 

domains, thus reducing uncertainty about the effect estimate within their study.  

2.2. Challenges during the process 

The motivation behind this project came as an attempt to harmonize among different 

environmental-health organizations and to harmonize environmental-health methods 

with current systematic review and guideline methodologies, specifically the GRADE 

approach. While a straightforward objective on paper, this has been one of the most 

challenging issues throughout the project, revealing many systemic issues. Not only are 

there semantic differences between disciplines (e.g. the terms ‘study sensitivity’ and 

‘sensitivity analysis’), there are also a wide breadth of exposure topics that one 

instrument hopes to address. This leads to frustration in both disciplines. For the 

methodologists, can the fidelity of the methods be maintained? And among the 

environmental health field, can these methods be pragmatically implemented and 

understood? How do we keep the fidelity and rigor of the process but make the process 

useful and more desirable than other options? While I recognize the presence of 

instruments deemed acceptable and used by environmental-health organizations to 

evaluate RoB, if there wasn’t some discontent than this project would not have gained 

traction.  

The process of adapting ROBINS-I for studies of exposures identified a few areas of 

discontent. Feedback from developers of the ROBINS-I instrument on the modified 

instrument, this RoB instrument for NRS of exposures, came from two extremes: 1) 

ROBINS-I should be applicable to studies of exposure without changes; and 2) if these 



Ph.D. Thesis – R.L. Morgan; McMaster University – Health Research Methodology, 
Evaluation, and Impact 

224 
 

modifications to ROBINS-I are needed, then why not just modify ROBINS-I instead of 

making a new instrument. Justifying why ROBINS-I required modifications for studies of 

exposure becomes a struggle, if one denies that even semantic adaptations are 

unnecessary for acceptance and adoption. Our first pilot test results demonstrated that 

the use of the word ‘intervention’ alienated raters to the point of misunderstanding and 

indifference to the instrument. Replacement with the term ‘exposure’, even though the 

meaning in this situation was essentially the same, improved understanding and 

application of the instrument. The semantic modification of replacement of that term, 

while regarded as superficial, led to greater acceptance of the instrument. Just as 

ROBINS-I requires more granularity in the assessment of RoB items than the Cochrane 

RoB tool for RCTs, the RoB instrument for NRS of exposures requires more granularity to 

evaluate studies of exposures.  

One desirable attribute of ROBINS-I identified from environmental-health scientists was 

the ability for studies of all designs to start at ‘High’ initial certainty within the GRADE 

framework. By starting studies of all designs at ‘High’ initial certainty does not mean 

that they are all devoid of bias. In fact, the potential for study limitations within NRS 

comes under greater scrutiny, as NRS are held to the standards of well-conducted RCTs. 

The typical RoB judgment becomes that studies are recognized as potentially 

introducing ‘Serious’ RoB, unless exploration of residual and unmeasured confounding 

identifies that the reported effect estimate most likely does not deviate much from the 

true estimate. Depending on the exposure of interest, information evaluating the 

potential for confounding is limited. 
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Further exploration of the RoB instrument for NRS of exposures presented a greater 

challenge, when compared with other commonly used instruments to evaluate NRS of 

exposures. As presented in Chapter 5, interrater and inter-instrument reliability is 

comparable across the RoB instrument for NRS of exposures and three other commonly 

used instruments: Newcastle-Ottawa Scale (NOS), and tools used by the National 

Toxicology Programs’ Office of Health Assessment and Translation (OHAT), and Office of 

the Report of Carcinogens (ORoC). However, the RoB instrument for NRS of exposures 

takes significantly longer to complete than the alternative instruments. The results from 

the construct validity analyses conducted at the study and domain levels revealed the 

potential of the RoB instrument for NRS of exposure to facilitate the evaluation process, 

even among users without specific expertise in the exposure of interest. Therefore, 

while there is indeed a trade-off considering the time investment, the validity analyses 

suggest that the concepts measured in the domains of the RoB instrument for NRS of 

exposure are discrete and more explicit than those in the other instruments.  

2.3. Next steps 

This work presents a few of the many methodological advancements in the field of 

environmental-health decision-making. I recognize that the RoB instrument for NRS of 

exposures represents a preliminary instrument for study evaluation. Currently, efforts 

are underway to broaden the methodological and environmental health input on the 

RoB instrument for NRS of exposure to develop a ROBINS of exposures (ROBINS-E) 

instrument, to complement ROBINS-I. This initiative has increased the type of exposures 
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(i.e. to include occupational exposures) and number of applications of the questions to 

see if adaptations to the RoB instrument for NRS of exposures are needed.  

NRS represent many but not all study types available to inform decision-making about 

environmental exposures. I focus on how NRS can be evaluated using standardized and 

transparent methods, but that is only one piece. Researchers have identified current 

practices of organizations using both NRS and RCT evidence to inform 

recommendations, presenting suggestions for how to integrate the two evidence 

streams. Research is on-going for ways to evaluate RoB and assess the certainty of 

studies of animal, in vitro, and mechanistic evidence. Additionally, initiatives are 

addressing how to present multiple evidence streams in a standardized way.  

Collectively, this research should move us forward in the field; however, there is still 

much to do. In any political climate or financial situation, recommendations and policies 

should be held accountable to the underlying evidence. In this work, we attempt to 

explore methods for understanding and bringing transparency to that evidence; 

however, further evaluation of this work is needed. The acceptance and adoption of 

new methods or modifications to current practices require a comprehensive approach 

to behavior change at the individual and societal level. Maintaining communication 

between methodologists and environmental health scientists may increase 

opportunities for evaluation, feedback, and further development.  

2.4. Final thoughts 
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“There is high demand in environmental health for adoption of a structured process that 

evaluates and integrates evidence while making decisions and recommendations 

transparent” [1]. We explored the possibility of the adoption of methods for evidence 

assessment and decision-making in the environmental-health field; however, 

determined that modifications were needed to address our objectives. When evaluating 

the certainty of the evidence, instruments should adapt to intricacies within the 

environmental exposures literature. As with any novel instrument, exploration is 

needed to understand the robustness of the instrument and that it performs in the 

hypothesized way, which includes application to a variety of exposures and study 

designs. The RoB instrument for NRS of exposures represents the product of a multi-

stage development process reflective of these considerations. This instrument facilitates 

a structured evaluation of exposure studies to inform decision-making. Wider adoption 

of these methods will reveal areas for further development.   
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Figure 1.  

 

 

Figure 1. Approach for conducting an assessment using the RoB instrument for NRS of 

exposures and the integration into GRADE when conducting systematic reviews of 

exposure. From “Risk of Bias instrument for Non-randomized Studies of exposures: a 

users’ guide”. 

 


